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Abstract

Objective: To analyze the spatial-temporal distribution characteristics of foodborne diseases in
mainland of China from 2018 to 2021, and provide a theoretical basis for the prevention and con-
trol of foodborne diseases. Methods: Based on the China Health and Wellness Statistical Yearbook
from 2018 to 2021, spatial autocorrelation analysis and space-time scanning were used to study
the spatial distribution pattern of foodborne illnesses and their changes in mainland China resi-
dents. Results: The reported foodborne diseases in China ranged from 2.71 per 100,000 to 3.24
per 100,000. The results of global spatial autocorrelation analysis showed that only the incidence
of foodborne diseases in 2020 had spatial autocorrelation. The space-time scanning results
showed that there were three spatial-temporal clusters from 2018 to 2021. The temperature has
an impact on the increase in foodborne diseases. The number of public toilets and temperature
were positively correlated with foodborne diseases. Personal food expenditure and health ex-
penditure were negatively correlated with foodborne diseases. The geographic weighted regres-
sion (GWR) model could better explain the model effect. Conclusion: Spatial clustering analysis
could better detect the clustering points of foodborne diseases, which can provide evidence for
prevention and control measures.
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EIRHER R AR A . F A B s Je i B sOK 5 IR 1] IRt
AR — KA TA RS, Wt E a2 e EEEER, H R P AH SRS B SRR &
ik 6 1251[2], BRI R R I R — K E B PA A, R4S THUE L R AR 7600 5B E iR
P 91l 58 325,000 AR A 5000 ASET[3]. 1 [FIRE 52 B I v i R, B 9 I s i g
U RN 8 e 34 B B S5 [4]

Ak, BEA EIRVEBR I R A M e, LSRR PR S WiRe 8 mr, AR M BUw
P ERE L, il R A TR R 6! € IR PR3 1A S 4% B8 N S8 22 [5) [6] [7]. @i 2 A B 1 150
M2 TAVREAE, 0B ia il R B I A R, il M OGS il B 3

2. EREAE

BRI AR 5 XI5

2018~2021 AF AN EVRVEB IR S 1 EHE RIE T (P E PASGTHES) « SR AR TR K
BT (PESUHES) o SRR XKIRGE R E P 31 NE A EFETT . T TR IR VU AR R
WAEWT T IR o
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#7A) [ A 2 3 M & i 70 2 1) B o ) SR MR AEL R 75 S5 AH 40 22 1) S e iR JE PMEAE AR O, #8 s ik 7 X 4l PR E
(23 8] 73 A R GE Tt J7 % B N R E s AR 23 () B AH AT e B s a) | ARG, AT A TR R
A DX A (A, 5 T — P e B ) | AR I R A R A . R AR R 1
B DA TR B AR AN AAE IR 8] J AR, AN A7 AL 570 8] AR [8] [9]. 7E75 IA) I AH R R
LR R R, R E X IR (B G ] 70 4 38 & - =R EE . K - IRREE . K - =B
EAE - ARBHHME . (EERNE, & - @RS A RAGRAUR AL EE “H 7 [10]. 77 [E) AL E
LRGSR ] — i QUEEN HEI .

22 R A 22 RS

BT A RUAM R, BT AR (R A ST b, DURIHEX B — R B A S LR,
L R BT e gt DS EP VAR i A S ok LS S e i) DA W B S R A1 DA ke B N =i - 90 pvAs il T Efo] 7
IR & € 3o R & A2 28 () A0 () i) e R23h, 15808 KAMERA R E S E 1, SLFE
BRI X AR R A S — AT RERI IR IE AR R . SO R /N BB BN Y 25%, A
SRR T 41 4 o) B B B O BT ST A Y 50%. BROAIEOL T, Asiicis A B "SI ER . XT84
HRE N, TR E AN AR FRR, &R RO E DN RS TS . RS E R EE(LLR)
TERRR S8, (AR 999 NEHEE SRR P, 1535 RIE IEABA TReMES, R
EHARE O BA R B SPNIRERS . H#% LLR [ TH T « 48R KA HE, AT LA Z X3
FEAESRAEHFAE[11] [12]

B EH

FERNA M, il B/ 3% (OLS) /e At AR B 5 AR B 2 (M 2 1tk [ml H A 42 07 ik . fij 88 OLS
SRy, Al X PR R (A M SC R hTE, AR

y=a+px +u i=12:--n (1)

Hrpy, FoREARE y 58§ NWIHE, BIEIRMERR AR, x RonBZE x M5 i MWINIE. FATES
ARG I RSN AR T RE, SIBR 2R R = AR & (VIF > 10). AF 78 52 1 £ Y5 14 9 9 93 91 B0+
BRI R GEE 1) KBS RIHRIZE DI RES, KRN INEA DTk AR &, e 8 H et gtk
A A

Table 1. Summary statistics of meteorological factors and health environment in China, 2018~2021
= 1.2018~2021 F2ESKEFMPEIMEREAL B 51T ER

B3 AR B iR BiE T % w/ME >IN

Case A (log(n + 1)) 6.641 1.044 3.892 8.958
Public lavator AFLT A E(log(n + 1)) 8.372 0.7373 6.568 9.635
Garbage disposal R E AL R 2 (T E) (log(n + 1)) 6.413 0.7345 4.657 8.115
Humidity 145 (%) (log(n + 1)) 4.183 0.1755 3.807 4.431
Sunlight A H BRI (/M) (log(n + 1)) 7.593 0.2861 6.755 8.138
Precipitation K E(EK) (log(n + 1)) 6.707 0.6421 4.980 7.808
Temperature RSP R SIR (IR ) (log(n + 1)) 2.628 0.4033 1.629 3.250
Expenditure for food B2 () (log(n + 1)) 8.914 0.2092 8.456 9.463
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=3
Health expenditure B2y ORA S H (7T) (log(n + 1)) 7.727 0.2241 7.107 8.436
Flood control area B igs AR (A U (log(n + 1)) 5.204 2.3247 0 8.418
AL [E JE
iy A B I AR R ) — RO 2D R

Yi=ﬂo(uinvi)+:81(uivvi)xi1+ﬁ2(uivVi)Xiz+"'+ﬁp(uivVi)Xip+5i (2
i=12,--n; j=12,---,p
ﬁ\:l:':l, yiEXil,Xiz,'”,Xip%’E%y55755%Xilyxiz,"',xipﬁ(ui,vi)ﬁl‘ﬁ/‘ﬂﬂ?}r\'”ﬁ, (uilvi)y\j%i/l\%j;aé){_:—(
MASER 5 (0,) R § SRR EIZE K MRS A BFONEIRS . 6 ~N(0,07) . Hix i,
Cov(g,&;)=0 [18]. A BAI{HILA:

p
Yi =B +Zﬂikxik + & 3
=)
i=12,--,n

HER AL E 21 2 n AN ENE T FR, X RN ENE AT, #B2 A — N EE TR, 2 By = Buc == B s
1) R AL [ A Y 3R A S Je 2 P [ U A AR

Gt B K H Geodal.12 #4742 =73 8] H AH G HN R #6238 F AH 2K, SaTScan 10.1 #£F(Martin Kulldor,
National Cancer Institute, Bethesda, MD, USA)ifTHS SRR Hr, R BAFATIZEL[HIA, s FiEid
arcgis10.2.2 (ESRI A 7], Redlands, CA, USA)itAT B A [51)=(Geographic Weighted Regression, GWR)
DYSELE I
3. &R

2018~2021 AFEH[E A HIIL R THR S GRS AT 25,493 &2, AW 150,335 Ao SRR AR E

2.75/10 TN, KIFZHM 3.24/10 Ji N FE%F) 2.28/10 Ji N KRFERZ A0 A B R E, KRB ST
B FEEPEREIX S ING . ZEE KX TERILES . RN E S ER X SRR K
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Figure 1. Spatial distribution of foodborne disease incidence from 2018 to 2021
1.2018 F & 2021 FRIRMEREAHRERZE 5

2Rz R EHER
AT el RN 2018~2021 4E MR, (X 2020 A B YR AR R AR A ) _E B 2R B RMGEE 2).
R, 2020 SEAA7E— AN IERIZS B B AHSE,  FoAh a0y b il s e 593 (1) 2 8] 23 A e Ak b R BEALI

Table 2. Global spatial autocorrelation of incidence in China, 2018~2021
& 2.2018~2021 FEARENE /= EBHERX

Fhy 2018 2019 2020 2021
Moran’l -0.023 0.029 0.182 0.035
P-value 0.463 0.251 0.025 0.23

X e [ A A L LR T K BRSO A R A R A (] AR T, WRE T RAT G A L
JEER A I JER (K 2)0 DUASZS RIS A AN XA EAN g 2 ), v X B AR R PR R X, E %
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Figure 2. Local spatial autocorrelation cluster maps of foodborne diseases in China, 2018~2021

2.2018~2021 FRIEMEFLAFRENSHRZEEHEXE

EARES T

73 %} 2018~2021 4 %48 (W B VR PR A 5 U AT 2078 (B 499 . A\ 2018 4E~2021 4, ff I =45
FERT I B = AN REIX (1] 3). HA (IR I 2 AV R R M 2019~2020 4F = B4 (RR = 5.30, LLR =
10339.05, P <0.001), HAH 2018 4-~2019 i %4 (RR = 2.88, LLR = 5572.68, P < 0.001) 1 2020 4111 %4
44 (RR = 1.74, LLR = 391.52, P < 0.001) (3 3).

[ TR < / v !
- JREKX \ | ' /
0 =KX ,
0 335 670 1,340 2,010 2,680
-— Miles

e BT B AR BT AR AL R B IR 25 P N #0 # E 50 GS (2022) 1061 5 kRt E 1, REI AT IE K.
Figure 3. Spatiotemporal clustering of foodborne diseases in China, 2018~2021
3.2018~2021 FRIRMEBHIR =B EE

Table 3. Results for spatial clusters of foodborne diseases in China, 2018~2021
= 3.2018~2021 FRIREMRMATE R YL

LETHIN ] H(ny  WUAMEE  RRkm)  HERREE SR P1H
— K 2019/01~2020/12 1 4.94 0 5.30 10339.05 <0.001
THREAI)  2018/01~2019/12 1 2.70 0 2.88 5572.68 <0.001
TR 2020/01~2020/12 1 1.73 0 1.74 391.51 <0.001
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b2y Al
BT EE SRR, AL PARRECR IR SO R NG DA AE AR OGN s TR S
By DR A A H G BRI 0 5 N E R BN A7 AE TR SR (R 4).

Table 4. Stepwise regression results
4. BLEALER

R iR t{E Pr (>[t))

s 15.9890 3.4139 4.684 <0.001

Public lavator 0.4706 0.1356 3.471 <0.001
Temperature 1.2336 0.2520 4.894 <0.001
Expenditure for food —1.0870 0.4348 —2.500 <0.05
Health expenditure —-0.9377 0.3916 —2.395 <0.05
Flood control area 0.0607 0.0416 1.459 0.1474

HE AL B )5 (Geographic weighted regression)

IR AT SR H #h B A0 AL 18] 15 (Geographic  Weighted Regression, GWR) L 7 i5f 4% s 3 i #¢ 5] 15
(Geographically and Temporally Weighted Regression, GTWR)F RISk 2% %2 1% RUAT 5 5 H K F 2 18] /& BAAE
IR IC AR e BATA A B VEVESIE I R R AL 78 X IR N AAAE SRR A 1 . BRIt GWR AR ) | i
V4% F2 41 ) (the adaptive kernel in GWR models is appropriate). i&id % AlICc (Akaike information crite-
rion) 773 KR B E AlCe M E/ NI 58 . AT AICC R, W0 BdE 3R A 40L& B bl . dnde 5 T
7~, OLS, GWR, GTWR [ R*{EH 4514 0.52. 0.79. 0.77. XF/ (%) AlCc {f )y 273.18. 261.07. 279.19,
CRA VT 25 B B IIA B (GWR) AR T2 A5 [ Y= RT3 b 22 A (5] S (GTWR) A A6 SE 4F IR UR (2
5).

Table 5. Regression analysis information

F 5. BEASHIER

TR AlCc R Adjust R? 02

oLS 273.18 0.52 0.50 0.7371
GWR 261.07 0.79 0.78 0.4732
GTWR 279.19 0.77 0.76 0.5029

ST R RIS A4k, FATIEIL arcgis Y1 GWR AERIHEAT 04T, AR B 48 5 1 AR 18] 7 A5 53 2%
%(Jenks)sr o 5 AN B 4 @5 T ETBEDEIAR EA RGBS RN RN KRB AR TG
F BB MERETIEZES .

1) 3% AR ) 1 R R B YR S R R 1) 7 ) AR SRR AE . ANTEDE R B 23 (B 0 AR (1] 4(b)) K
[ Y 28 5 v T 30t DX P 2R I P S A2 38 D, T o [ e S g S e X R B 25 0 1E H R B R HE D
XFTREA BT 2 AL A EA R B 52, 7E AR AL b X 7 A J A IR A ) T 38 s S0 2 DL R
PRI (1775 G FIAE 1, 177 75 30 b X 0] B9 /> BORRTE AN bk 2 3 A ]

2) I FEX E IR R 1) 73 () AR R RRAE . ARV R B S () A A (] 4(c)) 25 R B, Pa R HhIX IR
FE S B MER RI AR, MR A AR, R, LT ME R, XAl AR R 2
BRI A5 G R AR, R v I S A R & IR AR 30°C~37°C, 7EE ZEHH B A MM 51 A
PRSI 1) K A [14] [15]
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Figure 4. Geographically weighted model regression spatial distribution coefficient
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3) £ S H ATV O i 1 A (A1 AR AR AR . MBI R B A IR 0 A (] 4(d)) 45 SRR, FEE
RO IB X, B0 B i S H R SR MR R R AR R AN R TIAE R HIX, 4 /& e R i S
Xof BEAR AT PR PR T 0 B A B s 1 S DR W i, v P il b X K 6 e A iR
A A ARVER R EE A SR AT SR aHh .

4) TEMERE DA T, BRERIT, mmpith. 4 4/ X 3w a7 PA S A R Tk B8
PEPIR IR A, SR AP AL IX (255 . 1% SR WG S X BT R R KA I8 5 TR e S R (1
HBIT Ko
4. #ig

2018~2021 4FH [E Py R TR IRV SR 25,493 2, KW 150,335 N . FIRRE KR
2.75/10 J3 N\ o [N BRI ZR 7R 2018~2021 AF ] A 2B R B, X A RES s & S R B IR A
HERK R

VR PR T B AR BB IR N T R E SR B AT IR LA A W E B, iR A
SRR, SRR 7 B A (] R AP AE A R A, T R IRAZAE IR SR AL B HioEa 4 [8] . B 5 4 4t
T AT DR SR AT G R M 0 M, T 4FE K, SaTScan R 45 B s 1t B [X 38T A 7] 7 6] P 1D 36 25 16] o
IR T DR SRR X, 1R (Y A AT AR B o IR R R IX e A
Pifze gt i 25 5, NI Ay DL A0 Pt o BRI 7 S50, DS A O A B AR o S (AT W 2
ANSTIEFBIAT 1 R Uk, QTR I SR AL 1R AR A D7 [17] [18] [19]. FRATTBIH Fuah R
S5 [ % 1L X 2 (] () Y 0 R R AE 2018, 2019 F 2020 AEBEAT A3 [AIAH D . 17 2020 4EAELE 5]
FHOGHE

B PR ME R (I 2S00 A0 % 2R R AR, AR EEIREE . SRR NS A IR 20],
BATRIB R R AL DA R . IR B TR R R AR B TEA G, WA A 3k AR A AR
B, SO SIS S BRI R AL R, IR S A S R AR, DL TS
WEAE o B ST DA R T AR AR R S H R BP0 11 2B LA SRR DG, T R R R {4 B TR T
T T 3 M B B DA R S TR B A BRI 3 s AT B AIG T BRI I R 2R o TR T SO R s S R
R R R IRERE B EARDG, R Rt yr gt — Dk e 7 R A 1 . eah, JRIEE RO, f
TRGEENEE . WA ZEREE WA RE A RREVESE . R LSk . [ % 1 X AR
SRR . BRI 1 R i AL — D B TR A R T80 R s 1 R A

X B R PEBR AT IR, FATEB: (—) @R IR I R 5. (Z) s REAE,
FRZMIEAN B Ze TASEEAE T (Z) BEEnksE, Realdestiigmiing g, Ui
ST EIRME R R T LN DB E T B e R . (1) ARIEAFEHLX RS I8, A0G S L
SAREFE, R HE A S A SRR .
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