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[ Abstract] Brucellosis incidence has been rising in China in recent years, and its geographical distribution has been
expanding, making it a pressing public health issue. Understanding the epidemiological characteristics of brucellosis and
establishing reliable prediction models are crucial for effective early warning and forecasting. This review summarizes
recent research findings on the spatiotemporal distribution of brucellosis in China and commonly used prediction models,
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aiming to provide data and technical support for improving the scientific prevention and control of brucellosis.
[ Keywords] brucellosis; spatiotemporal distribution; characteristics; prediction model; China

A B TG TR 95 a1 RR <A 93D A2 FH A 5 I B g 5
1) — s DL AR ON R R, N R A S 4
W—RVIRRER, R A RE. Sk TLRE
i S RGBS TEERK WS, iR E Y
i NAT A R DS, RIEAR R RE T
i R HH(1950—1960 4E) . T FEIH(1970—1980 ).
R IAC1990 4E & 4)3 AN B, 78 5 Kk Wk B
A5 58 T B Wt R IX 378 2 A T AR A, T iR TR
[ 7 b b X 17 4% R b (X A R ke U, o R
7 b XA 95 0 R RS B TR S, Hxh g Oy
EQOF e A s o = -1 o e R S (A S p e
TE A7 995 1 R AE R AT, HOAT X0 K, A
93 28 15 B 4% T W 5 K kAR 1) A A I &R 4t
2 T A 9 b7 45 A 1 32 BE BORIE, 2 K
P& 175 7 4% 1 25 B3 A2 1Y, AR A W DR 9 AF
TE— YR JE 2 A, a0, A5 B DL R A7 TR 9%
T R IE OL5E . BF AR B, B BB AR o by A% G

T A A AL 1) R AT 2 R AR 0 B R PR T R A
— e H 0L, R FH B2 AT K A1 9 R AT T
AT LA K B A A M B 4 AR ) A B O AT R
WTUE, D9 g T A B 45 BE 0 R I BOR 34, AR
B ik o A ES R TR o M el R S 1 A E R
MR BEATIT .

1 o BT F FHIE

1.1 S Rm4ie MR AWEAHEMNZET
PR R AEPEARAE, H S LT Urbl, A
5 K e W AR B AE 3—8 H, AT SR, 2014—
2015 = A0 R I 3 K B B B 443, HL 2014 4
A 2015 4 Ay A3 9 1 R R) 3% 4 X 12 2007—
2017 4% A1 5 1 K 95 JE 30 23 ) 9 2008 4 4 H —
2010 4F 4 H.2010 44 H—2012 47 HF12012 47
H—2015F 4 H, &5 — AWM 2015 4 4 I
U R S R R A o = L NI e

FFHFREL: CC BY-NC-ND 4.0 DOI: 10.11847/zgggws1145509
HEWHE . EFE AT ITRI(2022YFC2602304)

F—1EH . WIBHI(1998—), W15, W77 A M5 YRR AT %
i HHEA: 2024-07-22 {&EIHHA: 2024-10-16 FEHABHA: 2024-11-11
FIEE IR : TAFAE RIBEFEE: RAHE

HARIRAR : A ffE 2 O 5 e i D252 1 & DT ) S AL Ak s



mailto:wangligui1983@126.com
mailto:wangligui1983@126.com
mailto:wangligui1983@126.com
https://doi.org/10.11847/zgggws1145509

FEALTAE 20255 1 A 4155 11

Chin J Public Health, Jan 2025 Vol.41 No.l - 101 -

rb [ A 6 K 2 2005 4 1 1.41/10 5 B T #)
2021 4E 19 4.95/10 /3, SRS EoHE S ke
[ b F 5 R IR B2 05 7 B A TR BRI AR
K], SARTR 2 BT JE oy X AT
fah 5 EE -8, HE X PRiTER S e
AAE 25, AT RS KR AT K H &9 K
ARAGER ALEBL AR IR FE B A VG AL A VG Y
7 AN R 3 X AT 3 b DX 40 BT AT R 9 14D B T
e, B R E IR, 5 X T A AR L H 4 b
(average annual percent change, AAPC)33>0, HJ %
Hly DX AT A0 R A AR 2 BT A 2015 4E AT 2018
SEONTR E AR IRAT I 2 AN T s, FOB A AR R
[ 1 &R 5 3 ANB BE: 2005—2014 4E 4 T Fa
KB, 2015—2018 4 4k T K FE 1, 2019—2021
FE AL T PR K I, 2021 455 B e, b i
[X 1 Fg 5 Hi X 2004—2017 4 A7 55 R 2 4k B
TR, B L5 H X R RS 7 HUIX ) AAPC fl 2
SRR, B 5 b XA 9 R 6 (1) S 25 4 K R
A J7 X s T Ak 5 Hb DX A 9 R s 3 38 H
P2 AN s, B 7 R0 G b X AR 0 R 3 4
Ji T 3B U7 HLIX 2004—2012 4N 2218
FH, 2012—2015 F 4 HRE EFAHH, 2015—2017 4F
AT E S, dbJ7 X 2004—2009 AP E T
1, 2009—2015 4~ 2218 F A, 2015—2017 4F
AT s,

1.2 R A4 4E b [E AT I 2 53 A Y
S B X X AR Xk AL s X
[F1) B 7 1 X 47 7k (1 e 34 18200 A 5 B ) £
Hby DX P8 A 350 IXC g A0 3 R R R XK, Ik
— B R REIFRE A RE X", H
A 5T 5 IR T B R S R P R S XA
5 2R 18 K R g e 1Y), 2014—2020 4E v [ B U7
DX A 8 R AR 2 T, PR R BT
T L 100%21, B 5 b X A 995 K 0 B K R %
B, 5k FIES, A E R 75 b X 52 A7 5 A
13 TR B A G0, 52 5 ) 1) X2 LG AF) A 2004 4 1Y
1.1% 3802 2014 41 20.5%, FF 77 Hh X 52 46 9 5
Me) ) b 3 Y R AN W 5k S b s XA b, R
A 5 4 DX A s R0 19 B0 /b s AR G R ZE AT Ak T
Frak bR A0, B A 7E A VO N i E
JiE, A0 R 5 X B £ TR 51 A AT R E AR
B Ab, AR5 6 %5 B Ot 80 b U X
B 7 1 X A% e 34 010221 Zhang M 2161 4 37 8
O 3T B8 B TR A 5 Hp T AT 0 A e B 11 AR A1 O
g8 IR, AT IR % Ot b U7 X ) T R O
X TR, BAREENEE BN 752.35 km; SR 522502
B 5¢ B ] A1 995 R 2 O B8 30 L 328 U8 1 HE R AL &5
W, RIA 9 R0 EE O 1) T e O 1L IE RS

JE 4 3 25 T 9 1151825240 5 2 g

AT o A s 2 8] 43 AT I S AR YRR, R I AT A
T NE 2 (8] AT A7 AR — € B RS, H R E R4
XA FEAL T7 KB 1 X, Ho1% JE 4L X AL B A XS
Fase 0, Mo, JE X N 52 IR IXER &N
m-rm REX, WEH EE X K AT X N A
Jog R L IX s BT HL X TV YLV S W R
BTRE BN EHELENEAARREXIS, 1t
Ah, A R X Rk A, R AR R
iR RAEX 2004 I 2 NEA/BE X (RS
A O 5K 2] 2017 F 1 6 AN /8 ¥ X CH & .
PR e TE L WS AE DR

2 mRTMRER R RN A

2.1 R A FHEA G- EY- 5% susceptible-
infected-susceptible, SIS) & & 1 5 J& gk 4 Pk &
(susceptible-infected-removed, SIR) & Y J& £ Hi ff)
s 1)y, Jorh S AR 5 I 2, T AR
#H2, RACEREE K220, 75 SIS #ifdh, A
IR FET G A 2 DL — 8 (G 3 R BRI,
PR Bl MR R 5215 5 & £ SIR
BT o, R G 1A R DR O R L SR AG & B e % )
BUHE SR T BE MRS AR, SRR A5
RO R AL RN A%, W, 5 S NHE— R
AERI B, HRE MRS A EE
A AE R e J1 55, HEMIAT AR o) I3 e -
Pk & (susceptible-exposed-infected-removed, SEIR)
Sy I Bk H - 5 [ susceptible-infected-removed-
susceptible, SIRS)\ 5 %—% 5 — & Ye— T IER—1K 2
(susceptible-exposed-infected-asymptomatic-removed,
SEIAR) %1% 2 BALT281 JE SR i FH v, Ak 5B
175 190 185 VS AH N 2 B0 ST T 1 B ) A R B ATk
B AR T H o Zhang J 25090 57 5) k5 5
S e 34 53 b A &[G B 2 & (susceptible-exposed-
infected-the quantity of brucella in environment, SEIV)
By 3 2 A S W T4 W A A B R HEAT T T
Wy, o, SR 5 B4, EARGEFEFE Y4, 1R
RGN, VRERE P A4S RE N EE; %
W TS 1 1 52 R Bl ) s R AN BE AL Ak B )
BRI, 7P R A A Y T D I A 0 A ) — i
s, i TG Y AN Gy IR A AR IR B B\ o
BENLR, Do S B &5 R BB R 2 R, H
MR GUE BRI, EAUAT I W5 A R R AR g A
1500~2 000 Sk; BEAh, N REAL AR AL I R F5000 A
RIS B 9 T, RIOR SR 17 42 I e AT g 1 4 74
o RS il 3 — g (E (4 2 700 %),
BE 5 B 22 1500 3k, B FRETE 1700 kA2 4P,



- 102 - FE AL TAE 2025 4F 1 AE 41 B 1

Chin J Public Health, Jan 2025 Vol.41 No.l

\'

22 E458@E#4E0-F¥ (autoregressive integrated
movingaverage, ARIMA) 4% ARIMA FRER}
6] 1 1) 43w i T B ASE 2R, B R DA S0 0 1) O
A, AT DAAM T 5 AT RE RS IR R 2 Al o R B,
ARIMA #8452 75 B [ A% ) °F- 3 Cautoregressive
moving average, ARMAD A [ B Al |, 3 i % 9
SRR 1] 7 B 3E AT 22 23 SRV B A ST A2 PR AT A A5
AU BE S B0 Hb 3 IR B A 81 B A AR AL . ARMA
18 2 B [A] ) Cautoregressive, AR T 1 #2 5 ~F
¥J (moving average, MAD L B [ 5 &, AR B2 5%
AME 5 2 EG ¢, Wd 248 & 52 m BLE
DIME s MA 58 28 7 2 22 22 [8) 8 AH 2G4 1 Fili AL 10
[ 0 A 518 ARIMA #5254 ] DL 3 32 1) 18] 7 51
P 30 ke 34 ORT R S AR AR BT g 1k 2 4y 1 (] 0
# 3 °F- ¥4 (seasonal autoregressive integrated moving
average, SARIMA) #1112 ARIMA 1 # J& , H £
TR E ST RRE, v LR R A
FA 2P A v B, 2 AR & 22 4y | R AR B T
¥ (multivariable version ARIMA, ARIMAX) ¥
A DURE HAd S (8] 2045 BE NN &, R 2R E
AR, X OBE AT DL B e AT R 1) 52 e AR A, T
DA A2 88 ek S o A R B ARV 7 o HY AR R, AT 8K
WAz A5 ARIMA B84 () 2 4, 2 A5 2 1) il
TMEGERH, Wang LL %5133 FF 2004—2013 43105
A48 M T AT R R 2R A A ARIMA 452 78 T
T 2005—2014 AT IR E DL, %X 2014
FEATH K 2 1) S BB AE TRIWAE 95%CT W, 1)
76 X iR Z H 47 tb (mean absolute percentage error,
MAPE) 9 19.83%, #EA TR R ELT . Zhao CH
A B2 R 2011—2018 4R A7 95 K99 % 1) £ ARIMA
R, N5 A i A 50 10 FE A R R 51 Bl o i
AR ARIMAX B, Tl 2019 4F 1—5 A A
() 99 22, T8I B A 34 J7 M 1 2% (root mean square
error, RMSE){H EE 55 2 /N B 7Y (1) Fl 0 25 51, &5 1
R ARIMAX BRI AR T ARIMA B
Cao L T 2P| HI T b4 2004—2014 4F i i K
TR T SARIMA B8, S8 J5 4 S R 204 94
A SARIMA FERBE— D #y i 2 AR FAEE ) A
5] U9 2 311 ¥ 35 85 28 (multivariable version SARIMA,
SARIMAX) ik 1fij T 2015 4E 377 Ak 44 A 5 ¥ & 9
A, 4 R 7R S B R AE T AE 95%CT Y, MAPE
BN 22.28%, 58 TR0 2% R AT

2.3 FidHEAk (randomforest, RF) A# RF 5%
FEAES B Gt Jrid, T AL RS SR [l ) ] 433,
FLBE A PR TG AL TR SRR, 3 A R A A TR SRR Y
£ B 0 FE A R AT I S5 9T S0, RF B Y 58 5 %
RS B TN 25 SR 38 AT P 2 Clal ) ) ) B 5% 22 (43
i) D) W 19 3 B 28 T &5 BT, oAb, RF

FERLIE AT DA $E R Ge M 5¢ 28 LR T F0 00 A5 1Y 1) o4
itk . B0 1) RF A1 SARIMA HRL TR o [ 7
500 R L, b RE OB LA 45 SR R
T SARIMA #i#4 ) R? f&, RMSE {H ik T- SARIMA
FERY, B BE AL AR AR B F000 25 RAR T SARIMA A
Shirmohammadi-Khorram N £ 351 4 d %7 £ [f1] & #1
(support vector machine, SCV)#Z & | RF & 1 fi1 &
JC B & M A 2% [ 5 (multivariate adaptive regression
splines, MARS) #5284 Tl A7 95 1 5 3 0, e it %o b
3 A 28 () RMSE. 4 7 1% 22 (mean absolute error,
MAE)FI R* {8 & B, RF #5284 %ot Ai 3 1) 5000 200 SR
Ao

2.4 M AR S (eXtreme gradient boosting,
XGBoost) ##A  XGBoost & 7E 73 M E L8 P
DI A — R, HRE R i T e R
THO 4 B A B2 iy 32 EAR AR LR =77 1 : XGBoost
TR 32 3 B Bk A7 A6 R 1, RTad 0 AR RO 2 1T 93
/N R BR B R s 72 H A BRI N TE T I AR
Y 3 48L& F2 B 5 XGBoost 155 8 AT $ HY 4 4 42
(1) 45 AIE AR B I g9 AR Y DL B A A A ) o0 0 v
P B0, XGBoost A5 7 (¥ {1t 5 44 I 7E AN 75 B2 0 4K
PEREAT FAL BE L 32 500 P AR R A S R 5 | Lt
(IO RSCROR TIODRS FE e S5 A P8 Alim M 2D
)% XGBoost H AR ARIMA FEHL ik A9 42 0 175 1t
HHTHEHATION, JE e MAE {. RMSE fE#1 MAPE
BRI 1, XGBoost F 7 {4 I 2R AL T ARIMA H
., Wen X H %4 iy @ XGBoost £& % 7 M 4 975
175 (8] 3 A b JR 45 R o, A B RS A
0.94, 5 57 &N 0.55. 2k TARRFAE #h 48T i A
(area under curve, AUC)E A4 0.85, A& 54 [ F1il 1] 2%
RELUF

2.5 J XAtk oAEA (generalized additive mixed
model, GAMM) |~ X ZMA5AI( generalized linear
model, GLM)fE#L & A &R R AR R Ty
A7 AE — 8 W) R BR M, T SCAH In A5 284 ( generalized
additive model, GAM) 1] J# 1T i B B X s 2
T61) FR) I 28 1 5 2R 1421, (B3 2 oA 78 18 P ) 4R 4%
¥ o TR A% g ST (i 13, SR LA I TR A
AIE A% G s B4 2 18] A7 AE — 7€ 1 3 AH 1, DALk
GLM A1 GAM A~ 2 5 784 N A i 32 2% 1 AN i
15 G499 (¥ 1F 18] F7 5 58 . GAMM 7 GAM [
FEAl BN T RELALRL, FE T S TR A A
(generalized linear mixed model, GLMM) f] 2 7l |
HEUR T i R, H GAMM RE 08 5 4 M 32 i1 5%
ZHEMIM, ik, GAMM BEr] PAo#r AR LR MESC R
0 A] BAA AT Bl AL KR, O T R AR & ) 4 A AN E
PR BRI, Yang Z R S R F Bk 4 2005—
2018 4F- A J & 9 H 4 S R AR 74 i GAMM il



FEALTAE 20255 1 A 4155 11

Chin J Public Health, Jan 2025 Vol.41 No.l - 103 -

I B b v Ji R S v A AT R A0 1 DL, HL T
BOREHS

3 FUMARE AL TR

3.1 My SRR R — B PN A R AE S TR
I 75T 2 A5 A B8 T Ve e B SR, AT S B0
RIEBIWEICH . BEIE, W RLZR & 2 RS B S8 Y
ANETTH [, M e =2 Rt R i 4 SRR, kT
B2 e TR ) TS FE

32 &kA S UEAE AR AT IR TN AR Y
A LA RE 0 HhE ) 4 5, Kds AT A R IR T RO
FEWIR B R, BN TER R &
Polk R F AL 2 250 R R A, gbsh, i rT L% 8
2N HL IR 190 981 2% 5] 85 AR A S I A AR A O,
Rl B 22 7 THD HB0HE ) S U A R DA S T 0 A Y
fr - 301 i g

33 oA AHKEGZEE DRV, UE
Y i) 2 4 g S T A 7Y G ¥ A E T R
e DA 1L X, AN A8 P 2 ] 504 ) S 0000 A6 7R A g
AT () BN 8] 3y 75 2 43 A ). I 2 0 A
[7] B 025 I B 45 B A A 845 U2, 7T BAKT [ % 3
DX T P IS 1) 3 25 A2 A it 7 300 900, 4 )5 T %
JE R DL I S0 B 2 0 A TR % of A XA
T3 90 ) B0 2 AR AR A B ST, DA 5 [ 6
AT K 25 B BT A2 RE T -

4 INGEFIREE

A R I T, A BN R T e
N R HE i BRI & 2 ik, IR 1
figR AT T I 2 AT R A D AE R e U S0 A
L DX 9 B 4 DL AT 0 AT BE G B fE S
b A, R 5 XA R R R R Ak BT, R
JRUIA Ny e — 2 A 3t A7 9 9 481 ) i N A B ATE DT A
DA N PR 3275 G AR B 7 b RS2 AT S e P
AT 3 B0 7 0 XA o R 2 6 n s — 2 B A
o UF IR, NATTRE A4 8 77 il 1) 7 SR B
RAE— AL B HE 7 ACE P NS RN
T A8 0 A S G i XS s =2 B A g 5 L DX
R B O A K e, B 5 AR TR P IR A & A
B 10 s R = AR5 e BE A 5% X RTR AT AR A
e e PRAR T I b PR 25 35 2% 3 S0 J5 3 X A K
95 ARG (e 1 7 Rk, R M OX R 2 SR A R
P 8 Tt A 5 X6 A 9 £ )5 42

o7 FES S R 0N A7 99 PR AT 1 D0 T LA 2K
FERAE I RS, A B TR R R, K
A1 9 385 RS A 96 5 B ) i A, K] A A 9 T 00 A6 7Y g
1 D9 A% G2 A o 00 A A 78 DA T [ X A
T B P RE 70 o A N LR e it Kk, 45

PRI TN (8 BE Ak RO T RE . K B B A S 1
e A A B SR R R OR AT RE A AT ) T
LA 3T SRR e (R I R
- SEECE AN iR B 4 2 JE U, R N
R R R L Ry PSS PRSI =R I
Wl A A% e B R A 22 A N TR RE SR AL &
X A 5 AT 18 0 BEAT S B IR, g — 5 $E T T
HETY f o g L

S Xk

[1] AR/, 2230 7%, FLER. WTREAE 121 A7 £ B3 R AT R g Oy
R MERFFAE Y A [7]. P E#] 2% BAEGRE, 2024, 38(7): 56-59.

[2] WCi, 253k, BOUE, 5. NEILBAT S IR LR S PaiE I [)).
ILH R AU BEIR &, 2023(3): 41-43.

[3] Shakir R. Brucellosis[J]. Journal of the Neurological Sciences, 2021,
420: 117280.

[4] Tao Z F, Chen Q L, Chen Y S, et al. Epidemiological characteristics of
human brucellosis—China, 2016-2019[J]. China CDC Weekly, 2021,
3(6): 114-119.

[5] Jiang W H, Chen J W, Li Q, et al. Epidemiological characteristics,
clinical manifestations and laboratory findings in 850 patients with
brucellosis in Heilongjiang Province, China[J]. BMC Infectious
Diseases, 2019, 19(1): 439.

[6] Jiang H, O'Callaghan D, Ding J B. Brucellosis in China: history,
progress and challenge[J]. Infectious Diseases of Poverty, 2020,
9(1): 55.

[7] Lai S J, Chen Q L, Li Z J. Human brucellosis: an ongoing global health
challenge[J]. China CDC Weekly, 2021, 3(6): 120-123.

[8] Peng C, Li Y J, Huang D S, et al. Spatial-temporal distribution of
human brucellosis in China’s mainland from 2004 to 2017 and an
analysis of social and environmental factors[J]. Environmental Health
and Preventive Medicine, 2020, 25(1): 1.

(9] HUhix, 22, EINNE. TRE AR & FC 59 Ml oF 2 5 skl e (7], o
AT SR E, 2019, 40(7): 870-874.

[10] Sun G Q, Li M T, Zhang J, et al. Transmission dynamics of
brucellosis: mathematical modelling and applications in China[J].
Computational Structuralogy Biotechnology Journal, 2020, 18:
3843-3860.

[11] Liang P F, Zhao Y, Zhao J H, et al. Human distribution and spatial-
temporal clustering analysis of human brucellosis in China from 2012
to 2016[J]. Infectious Diseases of Poverty, 2020, 9(1): 142.

[12] Guan P, Wu W, Huang D. Trends of reported human brucellosis cases
in China’s mainland from 2007 to 2017: an exponential smoothing
time series analysis[J]. Environmental Health and Preventive Medicine,
2018, 23(1): 23.

[13] Liang D Y, Liu D, Yang M, et al. Spatiotemporal distribution of
human brucellosis in Inner Mongolia, China, in 2010-2015, and
influencing factors[J]. Scientific Reports, 2021, 11(1): 24213.

[14] Yang HM, Chen Q L, Li Y, et al. Epidemic characteristics, high-risk
areas and space-time clusters of human brucellosis—China, 2020—
2021[J]. China CDC Weekly, 2023, 5(1): 17-22.

[15] Wang T, Wang X, Tie P, et al. Spatio-temporal cluster and distri-
bution of human brucellosis in Shanxi Province of China between
2011 and 2016[J]. Scientific Reports, 2018, 8(1): 16977.

[16] Zhang M, Chen X R, Bu Q Q, et al. Spatiotemporal dynamics and
influencing factors of human brucellosis in Mainland China from
2005-2021[J]. BMC Infectious Diseases, 2024, 24(1): 76.

[17] SKEL5, skitfh, vhif, 4F. FERIALT 2004—2017 FA & KR


https://doi.org/10.3969/j.issn.1001-568X.2024.07.0015
https://doi.org/10.3969/j.issn.1004-2342.2023.03.014
https://doi.org/10.1016/j.jns.2020.117280
https://doi.org/10.1186/s12879-019-4081-5
https://doi.org/10.1186/s12879-019-4081-5
https://doi.org/10.1186/s40249-020-00673-8
https://doi.org/10.1186/s12199-019-0839-z
https://doi.org/10.1186/s12199-019-0839-z
https://doi.org/10.3760/cma.j.issn.0254-6450.2019.07.025
https://doi.org/10.3760/cma.j.issn.0254-6450.2019.07.025
https://doi.org/10.1016/j.csbj.2020.11.014
https://doi.org/10.1186/s40249-020-00754-8
https://doi.org/10.1186/s12199-018-0712-5
https://doi.org/10.1038/s41598-021-03723-9
https://doi.org/10.46234/ccdcw2023.004
https://doi.org/10.1038/s41598-018-34975-7
https://doi.org/10.1186/s12879-023-08858-w

- 104 -

FE AL TAE 2025 4F 1 AE 41 B 1

Chin J Public Health, Jan 2025 Vol.41 No.l

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

311

(321

[33]

RIF S 1 Joinpoint [|] 15 73 #r [J]. A& L 5 22 3k, 2020,
36(9): 758-762.

Sun Z X, Wang Y, Li Y J, et al. Socioeconomic, meteorological
factors and spatiotemporal distribution of human brucellosis in China
between 2004 and 2019-A study based on spatial panel model[J].
PLoS Neglected Tropical Diseases, 2023, 17(11): e0011765.

Lai S J, Zhou H, Xiong W Y, et al. Changing epidemiology of human
brucellosis, China, 1955-2014[J]. Emerging Infectious Diseases, 2017,
23(2): 184-194.

Li Y J, Li X L, Liang S, et al. Epidemiological features and risk
factors associated with the spatial and temporal distribution of human
brucellosis in China[J]. BMC Infectious Diseases, 2013, 13: 547.
Chen H, Lin M X, Wang L P, et al. Driving role of climatic and
socioenvironmental factors on human brucellosis in China: machine-
learning-based predictive analyses[J]. Infectious Diseases of Poverty,
2023, 12(1): 36.

SE T, M, R, 2013 F 2021 4EFRE AAGE A7 R
TR AT (9], EBE R 24, 2023, 52(8): 680-683.
Chen Q L, Lai S J, Yin W W, et al. Epidemic characteristics, high-risk
townships and space-time clusters of human brucellosis in Shanxi
Province of China, 2005-2014[J]. BMC Infectious Diseases, 2016,
16(1): 760.

Zhang N, Fang X Y, Zhou W Z, et al. Epidemiological characteristics
and temporal-spatial clustering analysis on human brucellosis in
Jiangsu Province, 2006-2021[J]. Scientific Reports, 2023, 13(1):
20024.

FI2, U, £ RN, 0 RS A N RE N T2 11 1% 46 10 s 4t
BT B 7357531 (7], SRR 244 BR 270, 2024, 70(4): 526-538.
R, AR, BT, 5. AL G B S BB PR U R 0], 2
L PAE G R BL %, 2018, 29(5): 89-92.

FUOCEE, TRREE, BRIEOR, & I IRAT M AR A8 2R VA% 3 3
JIEFHAESAT 0], T E LA S, 2023, 40(3): 389-392.

HPOK, R, XIS, — KA AR COVID-19 3l Jj 88 &
FRET (], HATRE 244k, 2023, 35(4): 1-8.

Zhang J, Sun G Q, Sun X D, et al. Prediction and control of
brucellosis transmission of dairy cattle in Zhejiang Province, China
[J]. PLoS One, 2014, 9(11): €108592.

Cao L T, Liu H H, Li J, et al. Relationship of meteorological factors
and human brucellosis in Hebei province, China[J]. Science of the
Total Environment, 2020, 703: 135491.

Wu W, An S Y, Guan P, et al. Time series analysis of human
brucellosis in China’s mainland by using Elman and Jordan recurrent
neural networks[J]. BMC Infectious Diseases, 2019, 19(1): 414.

Zhao C H, Yang Y H, Wu S Y, et al. Search trends and prediction of
human brucellosis using Baidu index data from 2011 to 2018 in
China[J]. Scientific Reports, 2020, 10(1): 5896.

Wang L L, Liang C, Wu W, et al. Epidemic situation of brucellosis in

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

Jinzhou City of China and prediction using the ARIMA model[J].
Canadian Journal of Infectious Diseases and Medical Microbiology,
2019, 2019: 1429462.

Bagheri H, Tapak L, Karami M, et al. Epidemiological features of
human brucellosis in Iran (2011-2018) and prediction of brucellosis
with data-mining models[J]. Journal of Research in Health Sciences,
2019, 19(4): 00462.

Shirmohammadi-Khorram N, Tapak L, Hamidi O, et al. A comparison
of three data mining time series models in prediction of monthly
brucellosis surveillance data[J]. Zoonoses and Public Health, 2019,
66(7): 759-772.

B HE, BT HUER A 2107 A & IR TUATE 7 [D]. &1 %8
BERER2E, 2020.

A, EWeX, dkk i, 55, BEHLARARA SARIMA A5 72 T30 3 (5 77
£ QB RO AR AL 0], AL AR S TR E 2, 2022, 33(1):
1-5.

Alim M, Ye G H, Guan P, et al. Comparison of ARIMA model and
XGBoost model for prediction of human brucellosis in China’s
mainland : a time-series study[J]. BMJ Open, 2020, 10(12): ¢039676.
Meng D L, Xu J, Zhao J J. Analysis and prediction of hand, foot and
mouth disease incidence in China using Random Forest and XGBoost
[J]. PLoS One, 2021, 16(12): €0261629.

KIREHRIL-FT J3A. A8 XGBoost HL# 2 =1 7L TL 548 A JH]
A BRI R I FE [D]. PR A E R K2, 2021.

Wen X H, Wang Y, Shao Z J. The spatiotemporal trend of human
brucellosis in China and driving factors using interpretability analysis
[J]. Scientific Reports, 2024, 14(1): 4880.

Oviedo M, Dominguez A, Pilar Mufioz M. Estimate of influenza cases
using generalized linear, additive and mixed models[J]. Human
Vaccines and Immunotherapeutics, 2015, 11(1): 298-301.

Abdul Wahid N A, Suhaila J, Rahman H A. Effect of climate factors
on the incidence of hand, foot, and mouth disease in Malaysia: a
generalized additive mixed model[J]. Infectious Disease Modelling,
2021, 6: 997-1008.

Yang Z R, Pang M M, Zhou Q Y, et al. Spatiotemporal expansion of
human brucellosis in Shaanxi Province, Northwestern China and
model for risk prediction[J]. PeerJ, 2020, 8: ¢10113.

Racloz V, Ramsey R, Tong S L, et al. Surveillance of dengue fever
virus: a review of epidemiological models and early warning systems
[J]. PLoS Neglected Tropical Diseases, 2012, 6(5): e1648.

PREE, BRE, SREM, 55 JT TN R B 14 % G s T 750 22 1
FRERE [J]. R EA LA, 2021, 37(10): 1478-1482.

it S, WEA, BRAK 2, 45 BIFEFIALTT 2015—2016 £ A 6] 5
IRE R IRATRAE AT [J]. R HRRAT I 224258, 2017, 38(4): 435-440.
o, Bubese, A55%, & N LB R Ho o AR (0], A AR A
£, 2018, 40(5): 349-354.


https://doi.org/10.1371/journal.pntd.0011765
https://doi.org/10.3201/eid2302.151710
https://doi.org/10.1186/1471-2334-13-547
https://doi.org/10.1186/s40249-023-01087-y
https://doi.org/10.12007/j.issn.0258-4646.2023.08.002
https://doi.org/10.1186/s12879-016-2086-x
https://doi.org/10.1038/s41598-023-46690-z
https://doi.org/10.11783/j.issn.1002-3674.2023.03.016
https://doi.org/10.1371/journal.pone.0108592
https://doi.org/10.1016/j.scitotenv.2019.135491
https://doi.org/10.1016/j.scitotenv.2019.135491
https://doi.org/10.1186/s12879-019-4028-x
https://doi.org/10.1038/s41598-020-62517-7
https://doi.org/10.1111/zph.12622
https://doi.org/10.3969/j.issn.1006-2483.2022.01.001
https://doi.org/10.1371/journal.pone.0261629
https://doi.org/10.1038/s41598-024-55034-4
https://doi.org/10.4161/hv.36168
https://doi.org/10.4161/hv.36168
https://doi.org/10.1016/j.idm.2021.08.003
https://doi.org/10.7717/peerj.10113
https://doi.org/10.1371/journal.pntd.0001648
https://doi.org/10.11847/zgggws1136289
https://doi.org/10.3760/cma.j.issn.0254-6450.2017.04.005
https://doi.org/10.3969/j.issn.0253-9608.2018.05.004
https://doi.org/10.3969/j.issn.0253-9608.2018.05.004

	1 布病的流行病学特征
	1.1 时间分布特征
	1.2 空间分布特征

	2 布病预测模型的研究及应用
	2.1 传播动力学模型
	2.2 差分自回归移动平均（autoregressive integrated moving average，ARIMA）模型
	2.3 随机森林（random forest，RF）模型
	2.4 极端梯度提升（eXtreme gradient boosting，XGBoost）模型
	2.5 广义加性混合模型（generalized additive mixed model，GAMM）

	3 预测模型的优化策略
	3.1 构建组合模型
	3.2 融合多元数据
	3.3 充分利用数据的时空信息

	4 小结和展望
	参考文献

