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Application of bootstrap method in the early warning for influenza surveillance
Dai Qigang, Xu Ke, Huang Haodi, Qi Xian, Wang Shenjiao, Yu Huiyan, Deng Fei, Huo Xiang"
(Jiangsu Provincial Center for Disease Control and Prevention, Nanjing 210009, China)

[Abstract] Objective: To investigate the application of bootstrap method in the early warning for influenza surveillance with 95%
Cls of weekly influenze-like illnesses (ILI)% estimated by bootstrap method specified as the early warning thresholds. Methods: The
influenza surveillance data from 2005 to 2014 (not including 2006 and 2009) were taken as baseline. Thirty Percent of the highest
positive rate of influenza viruses in two years was taken as the gold standard of influenza pandemic. Consistency of the early warning
results was compared among bootstrap method, moving average method and the gold standard. We also discussed the application of
bootstrap in practice in 2016 based on the surveillance data from 2012 to 2015. Results: Influenza viruses circulated throughout the
year and peaked during cold winter and spring season from November to following February and hot summer from June to August. The
result of bootstrap method has high consistency with moving average method and gold standard. The bootstrap method was more sen-
sitive in the early warning of influenza pandemic in 2009 compared with moving average method and more consistent with gold stan-
dard(kappa=0.728). Conclusion: Bootstrap was a compute-intensive method which was not rely on the distribution of 1LI% data, and
it can be applied as an alternative and complementary method in the early warning for influenza surveillance.
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[Acta Univ Med Nanjing,2017,37(10) : 1265-1268 |

WAT TR E R i BOR TR i R B AR BCR AT MR K, — B R B, AT
WP 0 JE A% e, 0B T AN S S SR A R I T RE VB R R, P, R I R AT R AT e A
s, LRG58 T eRF 2 ERNEN, LMK

CEEWA] I AL BRI S (W201303) s gy o 0 2 ) BT AR G0 i o 5 =
e Al g 2 B P B R 5 TR (BE2015714) 4 1T 4545 11 44 Wt R R P A3 A FRAE B E GRS R A e
Bl 2 4 4 (BK20151595); VL 36 4 # 4F € % A A" (QN- P e A JE W A A, R DA A ) LB o s

RC2016539) ; 119744 I B B 2 B4 % T (BL.2014081) 117388 3 o R AR (R R WA RS 45 0 ARE R ) AT
*if 55 V£ # (Corresponding author), E-mail:huox@foxmail.com E”Ef[%‘ﬁi‘@%{ﬂ]l] WL Ay B W i &5 48 1 51 Uk 3h , fie



-1266- Mooat

E B K

83765 10
2017 4£ 10 A

¥

0856 T e i LA AR 6012 | 52 90 %512 W 45 O BE Al 11
W R e A A% R0 TR i ER R R R G, T
Shy i — 20 BB 9 i 12 W R B 4 i R A M
F 2005 4 LA, VL7548 &2 ' 1 58 3 1 it 8%
A R, R I R B A R R A3 I A B e T
R TERAGE RS (hospital information system,
HIS) 14 i 8% A A BR300 1%y il 3 ol 745 Jd SR o 8
(influenza-like illnesses, TLI) W W0 5 9 116) S5 Bsp 2 0 v
A 2] Tt — 2 B4R T, ASCRL 2005—2014 4F
B R FE AL A B AR A TLL IR TR IR T
27 SR R A8 ) PR v A A T 2k | 100 2 B 1k
53 3% A7 8 '\ 43 67 80 P8O il bootstrap i 1 fil]
95% A 5 X 8] (95%CT) , #3+F 2 Rl J7 i 48 TLT $
e AN (A

1 x&fFE

L1 %

KRR =38 C)fF: i sl A R =2 — , T il = L
b 1) 52 55 2 1 7 12 WA e 461, BRI SR T TLI9% R
ILL (5 R T 202502 B N B0 Ll

R 2014 )%, VLI A BT 29 D ER PR
W S B L4 S R I A R B, AR T
2B 13 AT, EREEA F 8 LR G PR B R
JLE R, it HIS RS0, & H U = B R LR
112 AT MEAZEIE M ILL A RECU S B 5t
LR BB, R TLI% , 4 0 9 1 b [ 3
BEIAE B ARG HATE B E . ASCEERH
2005—2014 47 1) TLI% Wi I &5 45 5%, LA DG A7 Wil iy
Ji TLI9 %50 R A2, DAt I A 7 4F 1) TL190 A I 3 %)
G, S BT[] 4 P T AR A TLL S s v iy
PR X,
12 7

TR B — RN BUR , &R 4% IR
T A8 A R T 2 | R M A R AR R &
HPFATR 2=, AT IR SR8 K R
D3 AF 1k KRR 2 KO 3% 8 SCoR M E it 1Y A
JE R B B0 A AT 0 ME A AR A2 R T w4+ 2s”
YR AT B B T LI B0 20 A A IR IE 4%
Oy, “w+2s” BITRATBR HE IR AN 1E T ILI% Y )
Wi, AN X2 % Zheng  Cowling . W i 15 %5 108 () Bff
9%, K UL 8 s 2 5 36 2 A R AR Sl S . LA
S2 AE AR TR P A v D AL O 30%1E S it B i
T abnifE

PL 2005—2014 4F (BE 20062009 4 ) Ji W i %%

i m L DL 2006 F1 2009 4 1 1LI% M 41, b5 A
IFi) 45 i) P 4 B0k 1 — bk R LA TLL L 1 e v
MY SEPREE S, — PR RER T « REL, Y k>0.75
i, AT LA Ry — B A

1.2.1 ##hasidx

Z 00 5 BE BE TLL LU R B i, BRI L1
JEER 1AW JE A, S b D A% [ 39 W 4cake | O i
JE 2 2 AR, DL P8O Sk TV B (Y
1.2.2  Bootstrap &

MEELE TLI%E i b, 55 oo Ak Il 1 o 52 ik
FE(TERR T S 5 B B, A 3024 3UH A 50,1001 000,
5000 ¥k, 5 EENTHA LR M RRE AR LIZ 5
BRI 2O AR UCEE S 1 0001 TR 1A
FREREA Y TLI% A5, B 1 000 A H AL E0H Qs
M Qors 1E R 95%CI1 1 LR R, DL LMl 95%C1 £
JE TL1% 1 T 2k |

AR T bootstrap 77 5 7 5% b W il T A o (14 i
JH A SCLL 2012—2015 4 1 8UHE o by s B2k AN
bootstrap 75 7E 2016 4F TLI% Wi I 12 i (g 851

2 & R

2005—2014 4E VL7048 A TLI% 3 ) T 2.78% ~
7.89% (AN E 2009 AF IR AT ) , LR 4.20%,
ILL BRAFAT 2 ANl , &FFEESMT 11 H—k
2 H  H RGN T 6—8 H, MRIET L 2
A I A% R BH P % i (A B0 30% , P E T A
2006 4E55 9~16 JE FIE 24~34 JH,2009 4E 45 32~52
JA R AT A AR R bR AT (& 1) .

H AL bootstrap 5 B8 3l F- 24134 F1 R S AR AT
A — 20, B 2 7T UL bootstrap 5 1% 8l 34 1k
B 1 B (B 30, T BRI A T 0 B 2 5%, AR Wi AT
WI{EZ) 4.5%; TR T PAERTE 2 J8 80,
B8 8l - 353 SR A5 19 BB 1 26 %8 bootstrap 5 Bk -
W5 PRR T L HE B9 2006 4 F1 2009 4 Ji 2 17 )
FA 3,

3 b 7 1L R R XS LL R 25 2R - 2006 4F: bootstrap 1
FNFS 2l 1 4 280 78 AT I 58 4 — 30 (x=1.000, P<
0.001),2009 4114 52 JAth A 6 JiA—%(k=0.768 , P<
0.001) ; bootstrap 5 i 2 B Ui 47 91 R 4 b UL 47 3 A
ke ,2006 44 11 Ji A —5(k=0.577,P<0.001) ,2009
A 8 JHA—E (k=0.699,P<0.001) ; # 5 F 1 2= i
FE W AT A0 4 bR AT WA L, 2006 4R 11 JEA
— % (k=0.577,P<0.001) ,2009 4E4 6 J& A —E (k=
0.771,P<0.001) , £ 1,



9537 B4 10 )

USRI,V AT 2 S | 4F Bootstrap 7E Jit J8k W I 79U ob iy 18 F (1.

2017 4£ 10 A Bt E R R A i (A 2R B4R ) ,2017,37(10) : 1265-1268 -1267-
12 12 -
11 11— 20064 SR A
10 10
9 9
<8 8
& S
=7 =7
6 6
5 5
3 3
2 1357 9 [11315171921232527293133353739414345474951 235 7 9 1113151719212325272931 33353739414345474951
Jaw JAw
1 Bootstrap = %l B % 95% ¥ 2 i & #0 2006.2009 B 2 #zh T sl B % 95% T 2 5 & 1 2006.2009 £

ILI % 37 47 B 2%
Figure 1 The 95% CIs of weekly ILI% estimated by boot-
strap method and the epidemic curve of ILI% in
2006 and 2009
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Figure 2 The 95% CIs of weekly ILI% estimated by
moving average method and the epidemic
curve of ILI% in 2006 and 2009
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Table 1 The consistency of bootstrap method, moving average method and gold standard
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Figure 4 The 95% CIs of weekly ILI% estimated by
bootstrap method and the epidemic curve of
ILI% in 2016
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