H774 3 Hi L o2E R Vol.77, No.3
20224F3 ACTA GEOGRAPHICA SINICA March, 2022

B E F & QR =0 RS IE RN E =
® Mg EE K AL ELE

(1. RALIHVE R 2B M BB 2424 58, K AR 130024
2. KAl R 5 AR A R A E TS KA 130024)

TR il v s v S B A R 2 — , T T R R OGTE B N L T A A
LK A ) 52 M S L5 Sy ) R i 1) AR A% e P, L T B ) LA B 8 A 5 A g o
A SO At B b B A AR L Y A 5T BRIS HE R SR 4 F B RN S 1) 4B 3 A o
2008—2017 4T J& [ &I 25 40 SRR A AR AL AR, X 18 A i L & 5 1 IRUBG: PR T i A 728
B SRR, 45 7 T AL 106 bR oS 0 S B i R R E R AL, 25 5. D (et
BRI T 4% G it o8 BRIV HE L Hh AL YR A SR IRT i B R A BeR S 3 47
ARG, % F RG220 LT RGN E A EAEH . 2 2008—2017 4/ E F 2 1k &
RSB B LT PIAE S — SR B BT 03 i T A SR B R R 5 R B SRR &4
R . (3 2008—2010 4T 2 T &2 9 R A AR B (g (1) 25 [R1 4R R AFRAF ;20112017 4F &
5 RATAE B0 (0 23 18] [ A S, BOS b X E A R E ) 28 78 R S IX, 23 A b
B /NI A3 R4 H (R A R 5 % MR b X AT AR5 S SR IX 26 55 75 s HLIE
TR A X N 5 SE RGN TV 4EIX 3, (D A7 12 00 [ 23853 1T A S A Eam)
P S S A B0, 55 T 09 R SR AR B 1l FH 1 DR 28 A e AR B/ IV YR R SR> A K
PR > A B > 6 M 35 8> A2 GDP” , 17 [ M 56 56 Z 7 FH R/ IMIR YR B ISR XL
H>AQIISH 1 H>T NIRN L , AR IR /K 25 HoA X 1 S8 HAE I B B o AR fe
S I | T TR HRE AT 2 DA DE I SR A SR I e i, oA IR 55 R RFE v ] v A
WA TR B SRR AL R S R S

KER . TG B aS 205 MR K 5 Spearman A PR/ ; b FRERINES 5 v

DOL: 10.11821/d1xb202203006

F 0% (Hand, Foot, and Mouth Disease, HFMD) J& 43R 5 1 A 2 31 T A [a) 8 22
—, 2008 FEHE N T ENIAEYLG, R AL 71 R (EVT1) R4 5 A 41 16 B
(CV16) “FFfpiaf s R0 E WA YRY, Z2RkAETS5SZ LN ELILY, v 5]k & A
Fo B HEESEIALN IS . 95 . HEMD R AR A 22 H A% b [a) Je b A LR 30, AR S
e, iR AEES, WATHIRR MR RS, AR Y 5 b AR R MR A, 1957
ARV i PARE TR TAT , IR S A T S A AR v 1 s 0 7 47

WAs BE: 2021-09-03; fEITHHA: 2022-01-10

EEWH: HEARRAILEIH (41630749, 4217010553); [F A LRIAILEI0 H (17BILOS1); Hh ok m A SEARBHIF .
55 5 T 4 A1 AT H (1709103, 2412020FZ001) [Foundation: National Natural Science Foundation of
China (41630749, 4217010553), Program of the National Social Science Fund of China, No.17BJLO051;
Fundamental Research Funds for the Central Universites, No.1709103, No0.2412020FZ001]

EE I : RWA(1978-), L, HARKFEN, it MmO TR0, MF5ET7 i s S0 2 Bk . PR g e
E-mail: song0317@nenu.edu.cn

574-588 I



348 KRG A P IE TR R 23 3 SRR B R R 575

FUGIRA, IEAER HEMD SE2 R R5A 3 1 136 41/10 J7™, HEMD %3241 LB {4 B it
B, AR T K BT AR A

[ N AP2E 3 58 HEMD B T . ImPRRIE . Bh2s o370 T &9 i Fa B IR R 50T e
TFEFIMIE . BT HFMD W5 246 hAEss 5ot . Wi . Kbl . s
KM AE5 TR, TR, R TF AR R B AR 2 [ ER 42 A 24386 HEMD &
FIHBERE 25 0 A1 SRR RIS R Y R Y A S 5, IER . A,
BLIRPOSE RUBE /0 HEMD () Z= 5545 AER 2 i SR | 2 [a] 45 R PRI sh A AR, B
B RHEE LRI 43 Ak, T Z B [ HEMD 280 “E ik Zm &k, B h—)E
W17 B KRR 1 SaTScan [FUBUPERT 25 94 Go it . 2R3 2880, Getis-Ord
G, AR E HEMD S IXAETRAE P8 . TR . TR AR R MR
X, BT KB A s X120 20 ALY AT 3 AR ALY IR | (LRI S RN
TR, EA TR A Logistic [FHAERIEY - DLNM 40 i Ji AR AR R D1 7 i 5 4
AU DL R KRR AR /N S ) e 5 AT 4 i, & B HEMID (4% Je il Rk &
BRI ZIH I piE T, EEZRE ARMEEREZR W, EXR2E, Bk, H
W P50 2 oA, 1 SRR DR 2% A FH R A AE 2 S 257 s HEMID FROAE 3R AR S B VI fh Ao
W IE IARALHE, U REMMERE 2 SRR s i K, o33 a2 2 s EE |
HALFE; HEMD 5 BB B2 5 2 LU T 4L ERRa o B & F 5%
MAZFHERWMY, L4 S, WA HFMD M BRC 48BUS T — it , [Bxtk
RN ARt S — 2T R R LR A3 1 52 nT SR e, JEF s ol ROBEWTF 9T 4
FE] Y ] PN st ) P 1) R 0 B 25 e AR A IR, e B b B2 AR T A SR Bl it
SRR A S A R AL Y i 5T BRI HESL

FETF I, ARSCHF2008—2017 4F 7 [ 370 247 B IX. HEMD &5 R 017 45 5 i ik
GIMT, LA 18 AN RZ M 2 9 0 XU R P 254 T AH & A A AN M BN, 8 7 L o L R A
FEHLED, o7 g 20 EHE T TF R HEMD BiiG . i@ KIS AL B 1A S ms . dr K3k
B A LR B S BOR 2%

2

2.1 HEiPHEZR

FEGLIR IS 2 WIFTE R — > AL Yo B (R SR AR ERT | s2m R Z Ao A 9 B A 3 A7
RGH NI EIRE RGEY, & T REZ B RGN HAHE A B EHY, L
) AR S M B2 LA R AL YT B AE SR (] 1) o AE USRI L AR AT, SR By
ST AR A e ml, FRAG YRR . AR RRR IR R R = Ul R R, R R
HORAGE | 4 SATMAMRRZE, BRI ol il A TR T VE 2 B s RN, ASFRA
R F AT, ALY 257 FARIAEE MR 2= 52, (B3Rt 257
HRIRBEFIAE S B RN R, Sy F B2 S 5 MR R0 s A5 S ik
R, SRR R FIRAIR T 2B BR AT AR, 2RI ] ) &% A
B RAEE . A5 Ta) A DX A P BORAS B s AT Y 20 AR IE . g (R R . JEARIA
RN AY BORE, EREIRST A FIHL S RAE A 20 7 iy B AS . EA
AR R 2R, R PR /3B 21 R R B 0 VA 983 2 5 Logisitic 119 . DLNM %
AU DU AR | PRI 2% AR — RN R AR B A (8] 4B iis H 2 SRR FIeESE, FTL
B3 NTF ARG ARG, SRR LI = F A VLCH R,



576 i B 2E 774

i
1 Au&‘&‘/@ggﬁw awsy

GEIFTR /TR
SEIKE ) )
A/ Gt /L
x5/
/\ A A
Logistic D&%M % H PR
[lH Y 7 W
/ : tgpser /|| &
MHERHT )
/ "@g B (it [P - //
@ﬁu s 4 ;
a
0 SaTScan N
2 g 2 .
W cpmg | A s
R | U
13
R HRE
ey, < G LR
5 (i) Ve
BT

P R B E LA T AL Qe i oE B HE AL

Fig. 1 Theoretical framework of infectious disease research from the perspective of health geography
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*1 HFMDHZEHBREMEZERER

Tab. 1 Index system of influencing factors of spatio-temporal differentiation of HFMD

TED 2 St S YRR G/ 3
FSRIREE 9K (m) Digital elevation model, DEM RIS Bl 5 5 O (http://www.resde.cn/)
ES AR K AR (mm) Annual precipitation, AP EZRAGR 5 0 (http:/data.cma.cn/)
S (hPa) Barometric pressure, BP E RGP 5 oL (http://data.cma.cn/)
K (m/s) Weed speed, WS E RGP 4 0 (http://data.cma.cn/)
KIR(°C) Air temperature, AT E R AG R A8 .0 (http:/data.cma.cn/)
AHXEEE (%) Relative humidity, RH E RGP 4 0 (http://data.cma.cn/)
H BRI%(h) Sunshine duration, SD E R ARG RLE 0 (http:/data.cma.cn/)
AQIFE%L Air quality index, AQI F ] BRI W 35 (http://www.cnemc.cn/)
&0 GDP(ZIL) Gross domestic product, GDP R T S AR
W% \#yGDP(F7E)  Per capita GDP, PCG R T SR
— 7 7 (%) Proportion of primary industry, PPI P B ()4 & 245 GeiT4E%s
I H(%) Proportion of secondary industry, H[EE (Tt &&FEITEL
PSI
=5 (%) Proportion of tertiary industry, PTI — H[E B (Tt &4 S HEL
Wb A(%) Urbanization rate, UR PEIR TSR . BRI
T ARALEL(R) Hospital beds per 1000 persons, HE BG4 ETT#)
HBP
RsIPNEES(ON) Mobile population, MP i sh A - 4 (https://chinaldrk.org.cn/)
N (AN/km?)  Population density, PD L ERN H 318 57U (https://www. satpalda.
com /product/landscan)
% % (km/km?)  Road network density, RND FF % #4738 FE (https://www.openstreetmap.org/)

2017 FHHR AT, ELAORTE LR 1o M B >he U [ R 24 Je) M BRAE B Ry b v b
FE g% (http://bzdt.ch.mnr.gov.cn/) .

Xf 4 A A G vl A AT Kriging ffi B, 5212 E 31 M T ARKX (BRERS
). 15 m A H PR IR M E, 0 XSS 214 AT BUX e 88,
o H BRI BRI H SRR, AR s B R RN A& R R
EE3IMETAHRK (BRG AR WEGEdE, b A D% ERHIEEE A 1 km
PRI B, RIS X BT R (AR R 45 M A T B DX 7 TR 3R s % Do 2
P MBR R B, FEEMEE S5 YA TEUIX FZAAE, B2 S5 345 b9 q 7
DX I B, 5% DX IR TR ) B B A B T %8 B8 5 HFMID & R 45 -5 LAt 2 iy [R]
FEHE 5 4 E A YA T EUX E ek 7 2s Rl PE FCAS 3
24 BERSWHE
2.4.1 EHRESH  AEPEEZI T HEMD 25 H 3 AR 0E VAEN IR TP RS, AR08

3
RX:%(72+F6_F8_F12)+ \2/—(r3+r5_r9_r11)+(r4_r10) (1)
3
R»:%(’3_”5_r9+”11)+7(r2_r6_r8+r12)+(r1_r7) (2)

M= |[R’+R’ (3)
e nAORH A HEMD Zi R A G s ifURA Gy ROV BT TRV BS U s RN p il
Jr BRI s MOWSRTEE, IUESE [0, 1], BT 0 F/m At Bife 12411 sy
o, BT 1 R Ao DU A E RS T A



578 i B 2E 774

242 TEBHEXSH

(1) &JRzs ) | AR

FH42 528 (8] H AR S 2 HEMD &9 8 A6 25 (0] LR A AFE AR, & F Moran's 1k it
i, HBUEN[-1, 1], KT 0FRAMPATEIX [HFFAEZS BIIEADE, /T 0FR/R i
X, FT OFIRAMFAEZS A A A s A0 XHE R SR AR O ik, B HH HEMD 4
RAmERs.

(2) Jrydl=sa] | ARG

Jayl Getis-Ord G, #A S R IJ&— B 7Y (1) Jmy 2= (0] [ AR SR Ge T ik, W LA R A [RIAE
15y HEMD &9 98 #4050 A GHEHEE O B, U BOULIN A 78 32 DX 35 22 B ML 437 5
G AR T , BEBH LI 7E 12 X380 B S X3 1B A GHEFE 7= R 25 ) SR 4
T GHE IR S ARAE Y 25 ) SR 4E
2.4.3 Spearman #BX D K Spearman BAH & 434 A 43 B HEMD & 5% 55 452 M [A]
T Z B AH SRR EE o 1% 7 1A H T IR 1 S2 8000 528 & SR A R ARG ", 5 I8R5
i) HEMD & 53 58 1) 45 PR 38 o0 AR SRR i L 2 AR iR S5t . ease FH I 5 i F 98 HFMD
KIRFG KR Z By HatE AT .

3 (- 7)(s,-3)
r,= . (4)

S [0
Kb r s R Ay IR, 247 B B A, X B R X LA
(BN o R B 8B . r BT B R (-1, 1], r=1 FRom— AR SRl 5 — 78 B SR
re=—1 FR— AT BE 53— 8 e A E R
2.4.4 HIBENEE ORI AR BIRUR M 23 8] 43 S0 DL s A SR 3K s R 1 — R e
TRk, HoA DR 0 R Al e 3k R — DX P A AR R L S TR X sk =2 ) ) 22 S e
A2 AR FHERI AT LIRS [R5 00 R 7 2 [al 58 BAE R, 020 k38 2 SCHR AR [R] 3t
AT X HFMD %3 5200 [R 28 A 22 5040 DR~ R0 2 T ARG 00 8- Y e 5 i IR 2 75 S
HEMD &R RN R, g B A2 AR IR g i 52— N 710 g (AT He s
VLA T AR B e MR, W2, ¢fditE AT .

YN,

g=1- = (5)
A g R R R X HEMD &0 R (1) i B¢
TIRANEIHERR 5 N b4 [ 2 AT BUX 5L

F2 OMIBRNRLZ BERARB R FRKE

Tab. 2 Interaction types and discrimination basis of

i N, Rs m B RAT X B &, m= geodetector
1, oo, ny n SEM R 2880 HRBAR  ~eammaem AR
WA sl 2 A HRBIN NS, ik s qnnxe) > Max[g(X), ¢(x2)]

RV, o HAEE HFMD AR IE s g(xInx) > g +g(x2)
WBT2; o) FnmPHFMD KR MIEGH AR g(1NX2) < Min[g(X1), ¢(x2)]
f%oqmﬂﬁﬁ@ﬁmquﬁ@ﬁ,% T ARZLME Min[g(X1), g(X2)] < g(X1NX2) <

e . IS Max[g(X1)), g(X2
W06 P 26 HEMD R R i e e ) a2
AR sz gX1NX2) = g(X1)+q(X2)
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Fig. 2 Annual incidence of HFMD in the provincial-level regions of China from 2008 to 2017

&3 2008—2017 EFEHFMD X R RETERE

Tab. 3 Degree of seasonal concentration of HFMD incidence in China from 2008 to 2017

Ay 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
LR 0.561 0.403 0470 0336 0356 0.339 0.389 0.344 0.330 0.339

3.2 FRORARERZRER S S RISHT

3.2.1 TEBERE  2008—2017 454 HFMD & 525 [l k% Jm 3 A - 1778 B 5 /Y 23 5+
FRIE . 2008 4 HFMD 7E 42 [E K ER /0 R A T X Yt B L oA, A 3] P 30 A g b [X T4
o 200944 [E HFMD KRB 30, mOEsEX . RIbIX , In4REE . K=/




580 i B 2E 774

X . Bk =ffiHh X HFMD &5 % Y
B, R OK EE 4y X I
HFMD & 5 F 8L . 2010— ~ 30}
2017 4 4 [ HFMD %4 %% S |
A R TRE s BRI F 0
S i R 1y B 4 E I
R ERMMIX, Wy retiE 0]
YA, T7&%A . 4. db 0:

AL BRI IX AR
HTE B AT 2 LA VG DR 7 At

jrany NV
DRIRAESB I, 7R A iR B3 20082017 4 HEMD £ 1 s b

==y A VT 4
X, FritE E nx. ““jE{I/é N Fig. 3 Boxplot of monthly incidence of HFMD in China from 2008 to 2017

TGS (K4),

322 2R EEBEESH  2008—2017 45 HEMD &% %A Moran's [{H 4385 T i &1k
K5 H ZH KT 2.58, UiH] HFMD &% R 2308 F S ERE (F4) . AFEFEH
Moran's 1 K E|/MEIR J 20154 (0.686) > 20174 (0.659) > 20134F (0.604) > 2011

b. 20114F

WP o
i s Siren > 4y
Py ﬁ&&{l‘,’_’&.
QA :

%

KIRHR/1007)
[1<50

= 50~100

= 100~200
= 200~300
™ =300

LML 8 B o FHE
aa ' 0 1000 km
| IN—

T T [RGB FR A IR 55 R 36 GS(2019)1825 ShRifi s IR , JE R4 F B0
El4  2008—20174FH [E HFMD &9 225 [A] 43 7

Fig. 4 Spatial differentiation of HFMD incidence in China from 2008 to 2017

R4 2008—2017 FHE HFMD X5 K £ F Moran's 1531745 5R
Tab. 4 Global Moran's I analysis of HFMD incidence in China from 2008 to 2017

Ay Moran's / 78 p {8 23 [A)4 S Ay Moran's / VA p i 25 (B4 S5y
2008 0.257 17.625 0.000 - 2013 0.604 44.679  0.000 LR
2009 0.246 25.937 0.000 - 2014 0.454 33.834  0.000 LR
2010 0.295 22.054 0.000 - 2015 0.686 50.786  0.000 ER
2011 0.576 42.726 0.000 ER 2016 0.324 24.201  0.000 EE
2012 0.574 40.352 0.000 E<F 2017 0.659 46.008  0.000 LR

e p<0.01 ZIRANSRME R ;- " FoR AR WL R A1
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Fig. 5 Local Getis-Ord G, analysis of HFMD incidence in China from 2008 to 2017
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3.3.1 Spearman XM H K H Spearman i 5& P4 M 75 245 2 v [ 45 b 947 BUIX
HFMD &5 R 52 2R AR5 RS mTAl, Bt A 17 452 (R R 1
Wit T 0.05 K BEER L, Hh /SRS HEMD &R RRIs 3] 17 0.775, H
UCHREKE (0.734) B (0.667), X 34HZE 5 HFMD AR EBLE EIEMAC, HIR
B (-0.561), KUE (-0.434) ., ik (-0.382) . AQIFE%L (-0.319) 5 HFMD &%
B TAAHCK R, ANOFERESEFRE DS RBORMACHE R ER, K5
0.389, tHHLZ T, GDP (0.266), T AWRMEL (-0.277). #sh AT (0.135) Stz
[ % 5 HFMD &5 R AN AR
3.3.2 HIRERMSF[I N

(1) H-F40m

FHIA BT 5345 A5 ] R R 6 HEMD A R 052 s (6) . A 12052 AR
WAL T 0.05 K W E AT . X HFMD &9 3825 (8]3-S AR 1> 0.1 IR AR E I
HEPAR AR (0.610) >FF/KE (0.506) VR (0.419) >H BEEEL (0.279) >RKGE
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&5 20174 HFMD %% 2R 5 20 [F 3 Spearman 183 2]

Tab.5 Spearman's correlation coefficient between the incidence of HFMD and its influencing factors in 2017

EmAEE MR REME EmEE MR RENE EmEE MR REME
R 0.775" 0.000 AR -0.382" 0.000 —E -0.202" 0.000
AERR K I 0.734" 0.000 S 0.323" 0.000 WrifbR 0.178" 0.000
T 0.667" 0.000 AQIIE%  -0.319” 0.000 R X 2 0.160" 0.000
H HR A -0.561" 0.000 GDP 0.266” 0.000 Wl NE 0.135" 0.000
A -0.434" 0.000 A¥GDP 0.232" 0.000 == 0.105° 0.022
PNEEE S 0.389" 0.000 T NIRBIEL -0.2277 0.000 R 0.068 0.096

E: "R p < 0.01, MIZEME R R p < 0.05, HHOCHERCN W3 .

x6 2017 EZNMEZIT HFMD % 5 R IBERMISE TR H

Tab. 6 Geodetector explanatory power of influencing factors on the incidence of HFMD in 2017

AT S gfH plH AN g8 plH Al S gfH plH

S 0.610" 0.000 KL 0.172" 0.000 X2 0.075° 0.045
AEREK R 0.506" 0.000 AQIHE4L 0.160" 0.000 HiZ 3 0.068"  0.000
MR 0.419" 0.000 A 0.108" 0.000 T ARNEL  0.067"  0.000
H e 0.279" 0.000 UNEE.S:S 0.103" 0.004 A GDP 0.038"  0.024

"R p < 0.01, MISEME R R p < 0.05, HHOCHERCN W3 .

(0.172) >AQI#E%k (0.160) >SJE (0.108) > AN (0.103), FLUEH, [1RFREER
F X HFMD 25 [8) 53 5 B R RE AR CR, ML NS T R R8N
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RGBS, P AT RRA T, BP VA 0200 K
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Spatio-temporal differentiation characteristics and influencing
factors of hand, foot, and mouth disease in China
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Abstract: The Healthy China initiative is one of the important strategies in the new period of
China. Hand, foot, and mouth disease (HFMD) is a global health threaten. It is a typical
infectious disease with a wide and universal impact in China, especially to infants. This paper
develops a theoretical framework for the study of infectious diseases from the health geography
perspective. The framework used concentration and spatial analysis methods to analyze the
spatio-temporal differentiation and evolution patterns of HFMD incidence in China from 2008
to 2017. Using spatial correlation analysis and geographic detection of 18 risk factors for the
incidence of HFMD, we identified the main influencing factors and revealed the mechanism of
the geographic distribution of HFMD. The results show that: (1) the theoretical framework of
infectious disease research from the perspective of health geography includes three subsystems:
the basic link of infectious disease, influencing factors, and the distribution and diffusion state
of the infectious disease with mutual interaction and impact between and within the three
subsystems. (2) From 2008 to 2017, the incidence rate of HFMD in China showed a fluctuating
increase, with a two-year cycle. In addition, the incidence in the even years was higher than
that in the odd years. The peaks of incidence are observed in late spring, early summer, late
autumn, and early winter. (3) The incidence rate of HFMD from 2008 to 2010 did not reflect
obvious characteristics of the spatial agglomeration. However, the incidence rate had a strong
spatial autocorrelation from 2011 to 2017. Hotspots were mainly distributed in southern humid
areas such as Guangdong, Guangxi, and Hainan. Moreover, the spots were evolving from north
to south, and changing from small and scattered to large and concentrated spots. HFMD mainly
occurred in three typical areas, namely, areas with hot and humid climates, economically
underdeveloped areas with poor medical resources, and densely populated areas prone to
clustered infections. (4) Twelve factors have passed the test of significance of correlation
analysis and geographical detection. The explanatory power of the factors that positively affect
the incidence rate are sorted as follows: AT > AP > RH > BP > PD > RND > PCG; factors that
have negative correlation are sorted as follows: SD > WS > AQI > DEM > HBP. The
interaction between AT and AP and other factors is the most obvious. This study provides an
empirical basis for research into HFMD's health geography, pathology, and epidemiology, and
important scientific support and policy reference for serving the strategy of Healthy China and
epidemic control and prevention.

Keywords: hand, foot, and mouth disease (HFMD); spatio- temporal differentiation;
influencing factors; spearman correlation analysis; geodetector; China



