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[HZ ] B - 0 T 40 oA PR D 28 TR AT R R AR B 5 R R WA, A B R i e PR Y, g o DTl 4 v Pk
PEF IR RL AR IR . J57E - W sk 2009—2016 4F 5 BT 40 o PR e SR R B, HBETRERMEIRATRH 00T, R A = 3His
TR T A PRI 2 IR, B DCCA RECE BALM M R R R R 5 R G R, B Boruta Fikgs &k FREMLIL
i (particle swarm optimization, PSO) K37 H [ EALMAVARA! (support vector machine for regression, SVR) 44 #4011 095 & 5 2 7 10
B, G55 - © 2009—2016 4F- 5 PRl B MR B AT 4R 15 R 3 A 29.394/100 000, 0 ~ 5 ZARERARHF (295.892/100000) 5w, #L
JEILFE S (50.335%) fek, 5 A—10 HAHFEY RPN EE; dE R 2 R e R e, —RREX EREPERERRKT T
BRIX, TRIERXRFEEEPERRKRTTHRALMX ; 6 H—10 AAHFEAREM T, ©5 AREANE TERHR B BA MRS SR '
F0 AR SIE (ppee,=—0918), HFEEHR S (ppee,=0.875) KA (ppe=0.870), ORTSREHHHNM PSO_SVR
T Fi% % (mean squared error, MSE) . P4t E 432 (mean absolute percentage error, MAPE) ., “FJ7#%Z% (square correlation
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[ R5IA ] MBI SRTITHF s DCCA Z81k; Boruta 53k R FREDEALSE s STRem AL A RR

[DOI] 10.3969/j.issn.1674-8115.2019.02.015 [ FE4FES ] R183.4 [ XEkirERE ] A

Spatial epidemiological characteristics and prediction models of bacterial dysentery in Chongging from
2009 to 2016 based on meteorological elements

LIU Xun', MENG Qiu-yu', XIE Jia-jia', XIAO DA-yong®, WANG Yi', DENG Dan'

1. School of Public Health and Management, Research Center for Medicine and Social Development, Innovation Center for Social Risk Governance in Health, Chongqing
Medical University, Chongging 400016, China; 2. Institute for Prevention and Control of Endemic and Parasitic Diseases, Chongqing Center for Disease Control and
Prevention, Chongging 400042, China

[Abstract] Objective - To analyze the spatial epidemiological characteristics of bacillary dysentery and its correlation with meteorological elements in
Chongqing, and to construct its incidence prediction model, thus providing scientific basis for the prevention and control of bacterial dysentery. Methods - The
data of bacterial dysentery cases and meteorological factors from 2009 to 2016 in Chongqing was collected in this study. Descriptive methods were employed
to investigate the epidemiological distribution of bacillary dysentery. Spatiotemporal scanning statistics was used to analyze spatiotemporal characteristics of
bacillary dysentery. DCCA coefficient method was used to quantify the correlation between the incidence of bacillary dysentery and meteorological elements. Both
Boruta algorithm and particle swarm optimization algorithm (PSO) combined with support vector machine for regression model (SVR) were used to establish
the prediction model for the incidence of bacterial dysentery. Results - @ The mean annual reported incidence of bacillary dysentery in Chongqing from 2009
to 2016 was 29.394/100 000. Children <5 years old had the highest incidence (295.892/100 000) among all age categories and scattered children had the highest
proportion (50.335%) among all occupation categories. The seasonal incidence peak was from May to October. Bacterial dysentery showed a significant spatial-
temporal aggregation that the most likely clusters for disease was found mainly in the main urban areas and main gathering time was from June to October. @ The
most important meteorological elements associated with the incidence of bacterial dysentery were monthly mean atmospheric pressure (p,,=—0.918), monthly
mean maximum temperature (p,.,~0.875) and monthly mean temperature (p,.,=0.870). @ The mean squared error (MSE), mean absolute percentage
error (MAPE) and square correlation coefficient (R%) of PSO_SVR model constructed based on meteorological elements were 0.055, 0.101 and 0.909, respectively.
Conclusion - The main urban areas of Chongqing and the northeast of Chongqing should be regarded as the key areas for the prevention and control of bacillary
dysentery. At the same time, according to the characteristics of bacillary dysentery, relevant health departments should take targeted measures to control the spread
and prevalence of bacillary dysentery among children <5 years old, scattered children and farmers. The PSO_SVR model constructed based on meteorological
elements has good predictive performance and can provide scientific theoretical support for the prevention and control of bacterial dysentery.

[Key words] bacterial dysentery; spatial epidemiology; DCCA coefficient method; Boruta algorithm; particle swarm optimization algorithm; support

vector machine regression
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4 PR (bacillary dysentery), {8 BR B 1, & —
bt RSB R 5 RS A 7™ T Il (R e . e SR — AL fe
WEEEF GRS, RARITEE)", s, %)
feefe FHRER A, Cathaiiok T/ HBIRIE, &
PR AL E P e b I, B BT R KU e, BN
LA R, WAL, WK%, MKFE, FITEBT
R EIH S A% . W iRoR, AR KT S X A
SR 5 3 7 15 103.21/100 000", 11 4 [ [7] 391 14 441 % s =%
Sy 15.29/100 0007, F AT WL, Al 28 DK v T 40128 195 e 4R
oy g, NGRERIRIE TAEZIAE S, % TRt
XY R A, R R E S, CaES ST
R T 40 Pearson A5G R 8L, 2 ISRk B H 5 (A i 4e it
T, WIH T R E SO G KA = 1R 5 R 5%
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A TR, YRR A S R AT S ] ) A
A, DAERFIER 2 56 i AR IR AT 2 R AR B 27 43
B, 2R T YR ZE ] 43 A AR AE

Bk, AMFFHRN DCCA REEREIRERES
PR AR ARG, TRl R 2 M o TR, o W R
T ERIIRA TN FRE S R 2 AR 0L, FERT TR T 5T
Rtz iz LSS 5 21 7 I AR A BRI 0 2 PRI, T
A AREGT, DA PR RIS, FEiR A B AL E Y R b
P SA R A RIS .
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L1 SRR DR

2009—2016 45 7 K 1l B 41 s I e s o 0T v T
TP EHIE B ARG, HNA OAER RO TER], 46
Rt s, St POV EEE, RYKREERA E
Rl GR, ARG FSHEE, A FOEE, BP
B)REHIL 10 M RRESH, HRT AR (X AH5))
oK B 5 Rl b PR B A 5

1.2 WE5E itk

1.2.1 AR Hr SRR AT % 7
o AT R =R o AR s DA B A/ s R R, SR
It 28 FA 4 S8 L e 2009—2016 4F- 5 BR 17 B AL s 4% H gk
it REM M. b, ERMP KA1, &
KRR B N OB 20%, 3% B AE T & 0 O F
FEXIRHEA T s AT O, AR SR R A
B R B B R UIsR B (loglikelihood ratio, LLR)
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FARX fE PG B (relative risk, RR), LASLFIWTHHEE QA
PRI A O AP (EI 2 A N IR, IR EAR IR 7K i IR
0=0.05, ZEFFRPBNLIRSEIRECH 999, 2 LLR [HR A5
T2 SR, R N R R IR AR R T,
1.2.2 MM R DCCA REEEL UEER SR
IR IR MK, DCCA B —Fl T &
2R SIIAR SRR e ik Y, RSB AT,

gt Fal xG) fy@), Hi=1,2, -, N, ¥
& BT A x (k)= XL (x—x) , y(b) =3 (y—y), Hh
k=1,2, -, N, x®y ARSI X (1) 1Y () BPPHIE.
Pt 551 x (k)5 y (k) Rlsr A N—s A~ E &I FIX
[, SAFXERE s+ AMEs K, FIM&/N IS
LA A TR AR RE AR A, BE 5, P
BT AT B R PR b 5 22 foce (s, i) =
V(s+1) X5 o5 ) () FREE N—s A7 X ) (9 JRy
B A T ZZBE AR foces (s) = (N=s) "X foced (s, i)
JLJF 5 L DCCA Z8 poccs

f;C'C'A(»V)
Pocea (5)= Torren o

FoHl fori Somoy AIFHN X () F1Y () BB TS %
B, HERRS foee, () 240l BlANFH1 X (1) B
BTTFEREL S () =2 fom (s, 1) 17, 3 £ (s, 1) =
V (s+1) X5 (%) " poces WTEEHE, H—1<ppe<l,
Pocei=Ls Pocei=—1 FH ppec=0 43 BIFRIR 2 A 71158 42 B
. TUARSERNTCAR G,
1.2.3 MR R TIIREAY  RE B0 H AR AR T
MAs g (A ), B A RWrgE 1A BRI R A
B RRER AT | &, 8 2009 4 1 H—2015
A4 L 76 At i) SR ECE 1R DIZRAEAS, ff 2015 4F. 5
H—2016 4F 12 H 3t 20 /M i) s rEAE 1 E A MNIRFEA . 1
& Boruta B " EATARAE PR, ARG MR FRAE R 1 45 1,
K HE TR BE DL AL R (particle swarm optimization,
PSO) Wy &4l (support vector machine, SVM) Fi#!
et S o R PR

Boruta J375 & A THEHLAR bR b 1) 4 e R AE i
BRI, TR A 5 EA SRR &, A
e B R R R e 5 L RT A A A5 R A 1R e/ N R
TESEA o 33 AT LAHE BB & B 4 T e 282 A PR 25 S 1 52
N2, IMEAF. S Echdt TRt e, fEmblasss>]
AR S HEaPE, SVM ARG B T-4eit5 2 B e e
Y. DAEE A IRURE e /N SR A S R HLES % 21 T3, i
Frlm & 814 (support vector machine for regression, SVR)
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I R-3.5.1 ) Boruta £ 52 ] Boruta R¢AiE 1% £ i i 5
FMAT IR S o0 AT, AV o AL T 00 A 789 1) A g I
H F MATLAB 2018a % 2 5 B, 6 B 359 26 % 77 45 Lk
%05 iR
7 (mean squared error, MSE) 535455 £ 4t (square
correlation coefficient, R*) 1 A # &I 7 RS B PEA $5 45,
MR MAPE, MSE Fe/lv, R BRI, mlAHIZBA Ak
TR,

i% # (mean absolute percentage error, MAPE).

2.1 GIRITEA T REAIE

2009—2016 4 & K mi F U Rk A w0 B Eh
68 855, 4E 1K J5 3R K 29.394/100 000, i KR E R
36.312/100 000, {1 K %5 22 2 23.613/100 000, %K %5 2=
R TREH (B 1), KT & 5 a0 = I L 4
W NRES BIAH0 ~ 505~ 10% K& 655 LA B ANEE
4, HRIFR B4 295.892/100 000, 23.843/100 000 %
22.524/100 000, %355 N4> Bl 2 % s NS 52.879% .
4.424% J¢ 8.925%, Bk pEE T oM, BTk
955 22 4y B 4 31.002/100 000 5 27.724/100 000, % J5 2% 2
Eb2A 1.130:1, {H 10 ~ 65 % AFE Ltk m T Bk
W, Wl sy A J5m, #OE LG ik (34 658 {4,
50.335%), Hk kA B (8031 fil, 11.664%) Fil %% A
(5592 (5, 8.121%), HFIAl5y A J51H, BRI 1 S B B
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Fig 1 Total incidences and gender distribution of bacillary dysentery in Chonggqing from 2009 to 2016
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&1 2009—2016 475 i 2 DX Bl B SRTAF 3 R i S L
Tab 1 Ranking of annual incidence of bacillary dysentery in Chonggqing District,
2009-2016

V-2 R TEA X RIENEL In K /(1/100 000)
1 FLeHk X 7129 103.135
2 ik F1EL 4441 89.631
3 THEFX. 5762 87.554
4 FA R X 3007 85.540
5 T X 843 72.385
6 {LALX 3158 62.052
7 E|AER 5326 60.807
8 KA X 939 50.628
9 KPENX 2253 49.049

10 PEpEL 1522 32.109

2.2 WA RARE BT

2009—2016 4 T JK T 18] 91 A i — 2 58 2R X0 A
R 6 A EukIX, Bifrh D, JbREC, KIEH X, i+
X, {LAEX R L g X, —RBEX LA (29.55°N,
106.54°E), G40 21.76 km, 34T H AR A
130.4/100 000 ~ 82.2/100 000, RR {4 7t Fil 2 5.09 ~ 4.26;
2009—2016 4 3 [ 17 B N 2 IRAE DI — /e 9 9k

462 2009—2016 4 BRI HH A A0 35 R B IR SG PR BT
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8, FEEPERAIX PR s X E, gL s . F
WE ., RPE L B EAE, BRI OB R R EX
RR {76 1.43 ~ 3.33, 4 RITEZNIE 2014 45 2015
Fh N E RRIEA 159 51225, B & T HMHbIX, &
SIS LR A 2224 5 H—10 Ay,

2.3 AR b

¥ 5% F Podobnik #5545 " % 2009—2016 4F T K i i
Ak 5GER 2 A T R Te s S5 R TR,
MEEE m BEA 1 ~ 128, Frf 4 2235 Podobnik 4555
it O (m) BMEHR 0oc(1)=21.016, 1 x'o0s (m) B KIE
X0 (12)=21.026, H. O (2 ~ 12) ¥RF x'0s (12), H,
RILAE 95% PR B MK F T4 2 AN EERaRt a1 Z A4S
FAAEEARSCPER SRR, TN AR K R S A Bl
NIGREFIFEATE, #—2R M DCCA REGIX R
RIH SR ER AW T =i b 85 ERH
PIEARTIR. AR B EERE. A EEER
fi. AR S R RIFRRAEAEBSRAIAINE (Ippeed >
08), [l AP, AU Wi A Rk (e
M, HAh TR ER SRR IR EA D (R 2),

Tab 2 Correlation analysis of incidence of bacillary dysentery and meteorological factors in Chongqing from 2009 to 2016

SR EHR

el
HE4/k5)E /hPa 0.857
JIF SR 1 C 0.870
R P s il /C 0.875
AP i<l /C 0.860
B I /b 0.741
J B FE7K  fmm 0.664
FE 2 min R / (m/s) 0.551
HF4 10 min R / (m/s) 0.570
AEHIEE 1% —0.489
HEHSE /hPa —0.918

2.4 RIRIR R A BB R

R J Boruta B7EBEAT PRI RUARE S A AOIESE s £52R
SRERP AR EFIE Y 2 min KUKLASR, Ha 8 A4S
RER PPN A5 BRI LA H R SR A
([ 2), 10 A~ E 1) Boruta 3k & B MEHF 5 Rk
DCCA ZHik M oe etk JLPARIE], i 3 625 Bl P39
S, CPEEE R P R, fa 3 6o e r
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Pocca

g Je/ME i UN ;]
0.876 0.734 0.886
0.903 0.674 0.923
0914 0.645 0.938
0.888 0.693 0.906
0.820 0.320 0.893
0.729 0.312 0.814
0.625 0.103 0.760
0.646 0.120 0.777
—0.549 —0.672 —0.106
—0.958 —0.974 —0.687

10 min XU, ~F3) 2 min RGELL K P #) A% £ . Boruta
LS DCCA Z B3 vl A 2800 1 H 15 83 [A 42 e HoAY
FASCPE R HRAE R e, (HARAY R DCCA REL R 741
FMERI RN T ] e TUABEER, ABFIOR BRI H K%
RIEAHRAE R, 18 N EEIREBREEA S H KN
SRR 1A H BRI AN B R R B 22 RS PSO_SVR
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Fig 2 Boruta algorithm relevance feature set screening results

B e AHEUKEREER SVR 5L, e A ek Bk
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Tab 3 Comparison of predictive accuracy of bacterial dysentery incidence prediction
models

st PSO Bk 25 b B S il 2. ™, B ST PSO_ o MSE MAPE R
SVR #i%If) MSE. MAPE F1 R® 4y %24 0.055, 0.101, 0.909, PSO_SVR 0.055 0.101 0.909
237 5 PSO_SVR AU LLAR, HEAr THERLE AR & A A H  PSOSVRI 0.129 0-123 0.786
R Ipi N PSO_SVRI #i%Y, H: MSE. MAPE FAR 533  SVR 0116 0136 0827
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Fig 3 Predicted incidence and actual incidence of the PSO_SVR1 model
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Fi, TESGIRBF IR, (AT S s il B R
B, AWFRE TR ERES N R R 1A 5E
P, iz Boruta H7% &5 & PSO Bk 57 7 PSO_SVR f%
™, 5H b 3] 95 (41 ARIMA BRI BP i 22 [0 2% )
L, SVR A W4FIZIbRE h, fE/EA, JRZ
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