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Abstract

Objective: To understand the status and variation tendency of the burden of cystic echinococcosis in
China from 1990 to 2019, and to predict the burden of cystic echinococcosis in 2020~2025, so as to
provide reference for the comprehensive prevention and control of cystic echinococcosis. Methods:
The incidence, prevalence, mortality and disability adjusted life years (DALYs) of cystic echinococ-
cosis in China from 1990 to 2019 were collected using the Global Burden of Disease Database 2019.
The annual percentage change (APC) and average annual percentage change (AAPC) were calculated
by the Joinpoint regression model to analyze the trend of disease burden. The neural network auto-
regressive (NNAR) model was used to predict the disease burden of cystic echinococcosis in China in
2020~2025. Results: The standardized incidence rate and prevalence rate of cystic echinococcosis in
China from 1990 to 2019 showed an increasing trend, and the average annual percentage change
(AAPC) was 0.42% and 0.41%, respectively. The standardized mortality rate and DALY rate showed a
decreasing trend, and the average annual percentage change (AAPC) was -1.64% and -1.62%, respec-
tively. The NNAR model predicted that the incidence and prevalence of cystic echinococcosis in China
would remain relatively stable from 2020 to 2025, while the mortality and DALY rates continued to
decline. In 2025, the incidence, prevalence, mortality and DALY rates of cystic echinococcosis in China
were 0.47/100,000, 2.24/100,000, 0.40/10 million and 0.24/100,000, respectively. Conclusion: The
epidemic of cystic echinococcosis in China has been basically controlled, and the prevention and con-
trol measures have achieved good results, but the burden of cystic echinococcosis is still heavy, and
the prevention and control work cannot be ignored.
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1. 518

B, CARBRER M, & R O 4 e gl e i) N Bt R a AR U, R AR (1]
2R A R AT XN A A R, W BP0l R B R BRI BT i k[2], REZEWALT
A i) A U B S AR A B 17 P AR BT 2 —, TR R A R IRAT RO E R E R 2
—[3], WATX EEAMAREEMAKRX . FEAHBX. AZHEHERAN). il BEEE0H0
RAIX[4][5], ¥ I 370 AN E(117) 29,926 MNMTEUR[6]. WFFCIRIE, T AT AL dp 2870 32 B fh i ks
iR ) 51 (1) & 2 A, d5 (Cystic echinococcosis, CE) Rl 1 £ 55 B ER ) 5 163 784 A9, Hu s (Alveolar echino-
coccosis, AE)F[7], ARG AU 5 2, 7 SR 1 £ 78.3% [5]. BEE “ LAEGME QLR N E, h
[Al7E LR SR ARVEE RS &7 Labiia Ks8I AR NS, 6 HU0 By 6 BUS 2 25 B.. BRE R
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HUIF R R T 2 R AL G R M R B R GRS R 91 4 BT [5]-[8] W B 4 M [9) AN AT e &
GERAR BT [10155, VEMMARAR 2 K R R . RIEER . R E . SRR IREE, FEAS B AT Al T HU ot
NFE G o AT T i 38 A dopg e 7748, B 70R A 2019 4F 42 3R 4148 (Global Burden of Dis-
ease 2019, GBD 2019)%4f 43t 1990~2019 4 r [H F& A 4, s e o 7 4IRS S ARk &%, IFi2 F NNAR
BEA T [ 2020~2025 4= 28 74 40 HU (5 SR EAT TN, R VP A5 5 93 B 1 AR R0 R AR A B 45 4 e
PEPLRL AR o

2. ZINEH*E
2.1. SRKIR

AW TS KIR T GBD 2019 Hr 1990~019 4 v [H F Y 40 thupg i St Hids, R UL SRR
5% 1 & 7 v 4F (Disability adjusted life years, DALYs) % H & % 4% ] i it % 3% GBD %4l & 5 ™
(https://www.healthdata.org/) EL#3K B . GBD 2019 4 FE B fyu . IS A, KA DU i (51 )5 Dis-
Mod-MR 2.1 BRI S5 45— ] Lh 1) 7725 4Bk 204 A B R FIHLIX ) 369 Fheii . 87 Fifa Kl % 1990~2019
B FARIEAT T RGPl . GBD 2019 HITEAHA2H . Bdl HE B R b U7 VAW 2% CR R 1) GBD
ZFFFE[11]-[13] .

2.2. EFRIEEN

WEFCRFIRAR . B SRR I3 4R v [ B 0 U i A0 . B ASET 150, R DALYs
PG TR B BUR 0 D 4H . DALY $8 MR BISET Jrin 2k i i B A e eE S K, 1l A0 F a4 R SR A1
FRIFE IR R . SRR AR HEL AR 2019 LR AR ARAEN DI[13]1H5

23. Gt FERE

iz FH Excel 3R 3 2 N H0 2 o R HH 55 B RE W 9 BT & 1 Joinpoint 4.9.0.1 #4443 #t 1990~2019
SR [E A AL U AR AR R R . B SET R A DALY R b s . KA R4.2.2 B “forecast”
LA “nnetar” 45 pR ST NNAR TR, KA “ggplot2” @it47 nf M4k . 4 F GraphPad Prism 9.5 %X
2. K5 K a = 0.05 (BN .

2.3.1. Joinpoint [E]J3#EHY

Joinpoint [] V5 AY [ 14738 i [0 2% 48 2V E 0 s N EOMAL B, R 2R R I& B R 3o A D5 R
WENAR e, 4 SL4E B A8 4K 1T 23 E (Annual percentage change, APC)HIE144E & 38 4k 11 4> L (Average
annual percentage change, AAPC). APC H T 1A 7 BL BB E &5 L X (Al (1) N &35, %5 APC > 0 I & E7t
¥, APC<O0 R TIEES. AAPC I TP E A XA 45 F 2 uiEss, ¥ APC = AAPC i,
LA BT AT N, B RIRAR L&

2.3.2. NNAR &8

P22 X 4% [A] I 87 (Neural network auto regressive model, NNAR) [15]7& — Fi 40 A Wi 28 X 2% 1 %5
SR, B RS B ) AR B AN TN AR (A (R A R AR MR OC AR o HLAE R T LA i N 2 (TN AR &) T
R, i E (R R B ST, AR “Rausip ey ” R rh e 2 2 . B AL I 1) 5 4103 )
EAERHIN, 18 NNAR (p, K)o For p R IG5 B K R7R 1m0 SR AP 3 46060 B 43 bk 22 (MAPE) |
S35 246 %5 1% 2 (MAE) e 35 75 KRR i% 22 (RMSE) WA R B [16] T 28 - MAPE. MAE. RMSE {iit/]y, #1454
FEH S . MAPE < 15%, $&7m TS B 407
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3. R

3.1.1990~2019 FFhEEH G hRERAIE R EIER

1990~2019 4 v [F ZE R 41, o5 & 995 A\ Bk 4975 151384 28 6665 15, H4Hn 33.97 %; i A%k 22711 451
W% 31,873 151, HEH0 40.34%; FET ANZLM 72 IRE 2 71 41, B 1.39%; DALYs M 5236 AN4EfF% 4259
N, BRI 18.66%. K3 H 0.42/10 JiH4 % 0.47/10 73, 400 11.90 %; K h 1.92/10 Ji18 5 2.24/10
Ji, N 16.67%; FETIFM 0.61/1000 F5FEZ 0.50/1000 i, F&#{% 18.03%; DALY M 0.44/10 Jif4ZE
0.30/10 /5, P&k 31.82%. Frft R H 0.41/10 /5384 0.46/10 5, H9MN 12.20%; Atk B3 H 1.84/10
FIHEEE 2.07/10 73, B8h0 12.50%; FRAEIETZZR M 0.74/1000 /3 %% 0.41/1000 /3, FEAK 44.59%; Frik DALY
N 0.46/10 FiFEZE 0.27/10 73, [4AK 41.30%. 1990~2019 4 5 L2 7Y 40, shs goims B 8 i T 2ok, Bk
RIGH. BRERE IR T Lok, SEToER. DALY RN EEECT Lk, Wk 1. K 1.

Table 1. Disease burden and changes of cystic echinococcosis in China from 1990 to 2019

F< 1.1990 70 2019 FHEER G HFBWERFHIBRTHIER

b EE) k3 ot JSYUN
A 1990 4F 2019 4F ABfLF(%) 1990 45 2019 4 AWiLF(%) 1990 4 2019 4 AL (%)
RIGHL 2664 3562 33.71 2311 3103 34.27 4975 6665 33.97
RIRH 0.44 0.49 11.36 0.40 0.44 10.00 0.42 0.47 11.90
FRALRRE(L0 71) 043 0.49 13.95 0.39 0.43 10.26 0.41 0.46 12.20
BIRE 12,108 17,015 40.53 10,603 14,858 40.13 22,711 31,873  40.34
Ly 1.98 2.35 18.69 1.85 2.13 15.14 1.92 2.24 16.67
FRAL B R (/10 /1) 191 2.21 15.71 1.77 1.92 8.47 1.84 2.07 12.50
FET- % 39 42 7.69 33 29 -12.12 72 71 -1.39
BET:Z (/1000 J7) 0.64 0.58 -9.38 0.57 0.42 -26.32 0.61 0.50 -18.03
FRALFET:Z (/1000 /5)  0.83 0.55 -33.73 0.68 0.31 -54.41 0.74 0.41 —44.59
DALYs (\4F) 2846 2482 -12.79 2390 1777 -25.65 5236 4259 -18.66
DALY #(/10 JJ) 0.47 0.34 -27.66 0.42 0.25 -40.48 0.44 0.30 -31.82
Frfb DALY #(/10 73)  0.49 0.31 -36.73 0.43 0.22 —48.84 0.46 0.27 -41.30
0.557 . 2.6 ™
R — 2.4 —
2 0-50 —— Bk 2 - Nk
=] S 2.2
S 0.45 >
33 0.40- i;.&? 184
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Figure 1. The burden of cystic echinococcosis in China from 1990 to 2019
& 1. 1990~2019 FFHEEB B RFEFIE
DOI: 10.12677/sa.2025.146172 342 Gt 5 N


https://doi.org/10.12677/sa.2025.146172

T &

32. FRFREPERE S RKRRRBAERIL

2019 47, o [E A AL B AR R 38R R e B AR RS BOW N BRI SR B R BT “NT
TEAER . R ERT R AL 15~19 & 20~24 SR B YOABITE, JELE 70~74 %R B AR
PP . TSR A DALY REEEFER I, 2 07 FB Tk, 76>95 & 4 FEAE, i f 40 & 1045
¥, ROpEE. BRI, JETCEA DALY 43504 0.88/10 /5. 3.60/10 /3. 17.19/1000 /i, 1.17/10
Jio AVERE, BEERBIARN, B, ot i e B AR —8 (A B VRS T Lotk . WL

2.
1.5+ 5
Ftk itk
N — Lt Y
5 101 g /
= T 3
% 3 2 Bl
i 054 e i
& : &
O.C T T T T T T T T T T T T T T T T T T T T 0 L) T T T T T T T T T T T T T T T T T T T
X 2Dl 1 (D3 D x Db DI d B DD Do D P D> PATAD I D
PR R IRFRPPRATA P RS PR RUR P2 PR PR TR S
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Figure 2. Disease burden of cystic echinococcosis in China by age group in 2019

B 2. 2019 SFAFFik B hERE S R RAR LA

3.3.1990~2019 fFhE B G R ER BTN ER

3.3.1. 1990~2019 FFHh E R G WFHIr L KRBT EHE S

1990~2019 44 AFf 53 PR AN LoV 2 A6 U b Ak RO 3R AR 52 B THEa 3, P RAE S i) BT 0.42%.
0.50%. 0.30%. FALMABA T RS ANEE. B LR ERRRRI N 6 B BAR s, Hf
2001~2004 4 _EFHIBEE Ak, APC 2054 2.51%. 2.73%. 2.19%. 1990~1993 E4x ARE. T Lt brtl
KIHR I R, APC 40 58-0.35%. —0.22%. —0.51%. iRAR1bita3id G giit24m X (P <0.01). W4 2.

Table 2. Joinpoint regression analysis of standardized incidence of cystic echinococcosis in China from 1990 to 2019
F< 2.1990~2019 FHE TR G HfFIR L L RZE Joinpoint [EY3 53 4f

S fabr Gl AHAE (%) (95%CI) t 18 P 1H
T APC 1990~1993 -0.22 (-0.31~-0.13) -5.06 <0.01
1993~1998 0.17 (0.11~0.23) 6.20 <0.01
1998~2001 0.57 (0.38~0.77) 6.43 <0.01
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2001~2004 2.73 (2.54~2.92) 31.11 <0.01

2004~2007 0.61 (0.43~0.78) 7.39 <0.01

2007~2019 0.23 (0.22~0.24) 47.44 <0.01

AAPC 1990~2019 0.50 (0.47~0.54) 29.81 <0.01

Lk APC 1990~1993 ~0.51 (-0.75~-0.27) ~4.53 <0.01
1993~1998 ~0.19 (-0.34~—0.04) ~2.64 0.02

1998~2001 0.21 (-0.27~0.69) 0.92 0.36

2001~2004 2.19 (1.74~2.64) 10.35 <0.01

2004~2019 0.26 (0.25~0.28) 31.26 <0.01

AAPC 1990~2019 0.30 (0.22~0.37) 8.14 <0.01

LRI APC 1990~1993 ~0.35 (-0.41~—0.29) ~12.81 <0.01
1993~1998 0.01 (~0.03~0.04) 0.35 0.73

1998~2001 0.40 (0.28~0.52) 7.14 <0.01

2001~2004 2.51 (2.39~2.62) 46.64 <0.01

2004~2007 0.45 (0.34~0.56) 8.98 <0.01

2007~2019 0.26 (0.25~0.26) 87.62 <0.01

AAPC 1990~2019 0.42 (0.40~0.44) 39.75 <0.01

3.3.2.1990~2019 FHhERB G hmiriL BRETHEE S

1990~2019 44 AFf 53 PR AN Lo PR 2 A6 U b Ak JEUR R RV 52 B TR, PSRRI BT 0.41%,
0.51%-. 0.28%. mALMAHA ERe NBE. BRI LMEbrib BRI XD 6 BBy, H
2001~2004 4F_EFHIBEE Ak, APC 235 2.49%. 2.84%. 2.12%. 1990~1993 4F4x A\ FEAN 5 M brik s %
TF%, APC 435 8-0.35%. —0.23%. 1990~1993. 1993~1998 4F L Ekrfk s R %, APC 43 %) 5-0.49%.
—0.19%. IRk EAILA Gl F = (P < 0.01). L& 3.

Table 3. Joinpoint regression analysis of the standardized prevalence of cystic echinococcosis in China from 1990 to 2019

% 3.1990~2019 FFh E A B AR LHERE Joinpoint @Y 534

S E{=gan G AL AH (%) (95%CI) t 18 P 1H
Bk APC 1990~1993 -0.23 (-0.32~-0.15) -5.84 <0.01
1993~1998 0.19 (0.13~0.25) 7.35 <0.01

1998~2001 0.60 (0.42~0.78) 7.24 <0.01

2001~2004 2.84 (2.67~3.02) 35.54 <0.01

2004~2009 0.48 (0.43~0.53) 20.35 <0.01

2009~2019 0.20 (0.18~0.21) 34.01 <0.01

AAPC 1990~2019 0.51 (0.49~0.54) 36.35 <0.01

Lotk APC 1990~1993 -0.49 (-0.70~-0.29) -5.15 <0.01
1993~1998 -0.19 (-0.31~0.06) -3.09 <0.01

1998~2001 0.19 (-0.21~0.59) 1.02 0.32

2001~2004 2.12 (1.74~2.5) 11.89 <0.01

2004~2019 0.24 (0.22~0.25) 33.37 <0.01

AAPC 1990~2019 0.28 (0.22~0.34) 9.05 <0.01

SEL APC 1990~1993 -0.35 (-0.42~-0.29) -11.50 <0.01
1993~1998 0.01 (-0.03~0.06) 0.68 0.50

1998~2001 0.41 (0.27~0.54) 6.57 <0.01
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gk
2001~2004 2.49 (2.36~2.62) 41.72 <0.01
2004~2007 0.45 (0.33~0.58) 8.09 <0.01
2007~2019 0.24 (0.23~0.25) 73.69 <0.01
AAPC 1990~2019 0.41 (0.39~0.43) 35.20 <0.01

3.3.3.1990~2019 FFH E R G WFHIF L L TR T EHE S

1990~2019 4 NHE. S PRI 2 Y A AR AR T 28 AAPC 43711 8—1.64%. —0.89%. —2.21%,
AL FAA TG 5 (P > 0.05). AUl B4 AR, B ARG T- R R BN 2 frB
BAh s, Hrh 1990~2016 E3 2 F RS, APC 43 3IAN-7.42%. —6.72%. —8.14%; 2016~2019 4Fi5 %
T, APC 205N 66.22%. 67.60%. 68.24%, ZB{LEaHAE Giit24E (P <0.01). W% 4.

Table 4. Joinpoint regression analysis of standardized mortality for cystic echinococcosis in China from 1990 to 2019
F< 4. 1990~2019 S E TR G HFFIRLIL T Joinpoint [EY3 5> 4f

3 fats Fh AL AE (%) (95%CI) t i P
i APC 1990~2016 —6.72 (-7.40~-6.04) -19.62 <0.01
2016~2019 67.60 (35.99~106.56) 5.09 <0.01

AAPC 1990~2019 —0.89 (-3.00~1.26) -0.82 0.41

Erais APC 1990~2016 —8.14 (-8.81~—7.46) -23.72 <0.01
2016~2019 68.24 (36.04~108.06) 5.04 <0.01

AAPC 1990~2019 —2.21 (-4.32~—0.05) -2.00 0.06

SN APC 1990~2016 ~7.42 (-8.10~6.73) -21.53 <0.01
2016~2019 66.22 (35.75~103.54) 5.17 <0.01

AAPC 1990~2019 —1.64 (-3.67~0.44) -1.55 0.12

3.3.4.1990~2019 fEh E| BB G HmIRIL DALY ELLER T

1990~2019 4FEA ANHE. BYEA MR A diAR L DALY REkE FRE&ES, FHEES 5 T
1.62%- 1.24%. 2.08%. MALMABRERAENEE. B LHIRIN 3 M BR L% . 1990~2004.
2004~2016 “E4x NEEbR{L DALY % R [%, APC 47 h-4.41%. —2.27%. 1990~2003. 2003~2016 4= J {4
Frft, DALY % T [%, APC 735l 9—4.12%. —2.33%. 1990~2005. 2005~2016 4% PEbrik DALY % K%,
APC 43 N—-4.77%- —2.12%. 2016~2019 “E4x AR BRI Lot AR DALY RI7E T+, APC 435k
15.54%. 17.84%. 12.68%. LA {kEaH8H g2 m L (P <0.01), WL 5.

Table 5. Joinpoint regression analysis of standardized DALY rate for cystic echinococcosis in China from 1990 to 2019

%2 5. 1990~2019 F H[E E R G RFFIRL DALY 2 Joinpoint EY3 45347

o3k iz F Ay AL (%) (95%Cl) tE P18
Pk APC 1990~2003 —4.12 (-4.66~-3.58) -15.51 <0.01
2003~2016 -2.33 (-3.28~-1.38) -5.06 <0.01

2016~2019 17.84 (9.07~27.31) 4.40 <0.01

AAPC 1990~2019 -1.24 (-2.12~-0.35) —2.74 <0.01

Ltk APC 1990~2005 —4.77 (-5.07~-4.46) -31.88 <0.01
2005~2016 -2.12 (-2.96~-1.27) -5.12 <0.01

2016~2019 12.68 (6.81~18.86) 4.63 <0.01

AAPC 1990~2019 ~2.08 (-2.69~-1.46) -6.57 <0.01

Sk APC 1990~2004 —4.41 (-4.81~-4.01) -22.29 <0.01
2004~2016 -2.27 (-3.17~-1.35) -5.10 <0.01

2016~2019 15.54 (8.25~23.32) 4,59 <0.01

AAPC 1990~2019 -1.62 (—2.36~-0.87) -4.21 <0.01
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3.4. 2020~2025 £ [E B B G iRk S 3B T 44

NNAR B 25 B 7R, 2020~2025 4 rf [ 58 284 4, B 1Y) 0 26 AR 22 AR A A X AR e, BB TZ 28 A0
DALY ZEFFEE N %, FildllF] 2025 4 [ 3% 4060 Ui i R 26 . B0 2 JET- 38 DALY 537104 0.47/10
Jiv 2.24/10 Ji. 0.40/1000 Jj. 0.24/10 Jj. HEL 2019 £, 2025 4EFET-3R A DALY ¥ AL 19.54%.
20.13%. JLIE 3. H, KFHEHE NNAR B S p =2, k=2; HFFE. JLT-H, DALY * NNAR R
ZHp=1, k=1, BEHMFNTFMERER, PB4 H 5 1RZE(MAPE). P40 1R 2 (MAE). ¥77 R 1%
Z(RMSE) 5 /N, MAPE /T 15%, $E R & i Rc_ar. W% 6.

=
ol —_—
<]
o -
g e g "
s <A S
— =] — — ]
> i S oo
£ 3 g
£ #B
3 ] o |
s T T T T T T T ~ T T T T T T T
1990 1995 2000 2005 2010 2015 2020 2025 1990 1995 2000 2005 2010 2015 2020 2025
= € )) E4 (D
©
s 7 s |
~ w n ~ O.
g s S
S - | g N
S S S g
WO ¥ s
4 = -
(S =
e (=]
— N
S T T T T T T T T S T T T T T T T
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Eh ) EH )
e BOSIEOYSEPME, BAONIEHE, HOSSAIITIE, KX NNAR B FENME 1) 95%Cl, K X0
Tim{E 80%Cl.
Figure 3. NNAR prediction model of cystic echinococcosis disease burden in China from 2020 to 2025

3.EF NNAR BTN 2020~2025 £ [EEE 6 RiFERFHAE

Table 6. Evaluation of prediction effect of NNAR model
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