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Monitoring Seasonal Influenza Epidemics in Korea
through Query Search

Chi-Myung Kwon * Sung-Won Hwang - Jae-Un Jung*

Seasonal influenza epidemics cause 3 to 5 millions severe illness and 250,000 to 500,000 deaths worldwide each

year. To prepare better controls on severe influenza epidemics, many studies have been proposed to achieve near

real-time surveillance of the spread of influenza. Korea CDC publishes clinical data of influenza epidemics on a

weekly basis typically with a 1-2-week reporting lag. To provide faster detection of epidemics, recently approaches

using unofficial data such as news reports, social media, and search queries are suggested. Collection of such data

is cheap in cost and is realized in near real-time. This research aims to develop regression models for early detecting

the outbreak of the seasonal influenza epidemics in Korea with keyword query information provided from the Naver

(Korean representative portal site) trend services for PC and mobile device. We selected 20 key words likely to have

strong correlations with influenza-like illness (ILI) based on literature review and proposed a logistic regression

model and a multiple regression model to predict the outbreak of ILI. With respect of model fitness, the multiple

regression model shows better results than logistic regression model. Also we find that a mobile-based regression

model is better than PC-based regression model in estimating ILI percentages.

Key words : Epidemic Influenza Detection, Internet Search Engine, Key Word Trend, Regression Model
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A o|tAWHO, 2014). 384 =4ofl thgt FAl= vl=
o] Zw}2JAllE|(Centers for Disease Control and Pre-
vention) 2} -] ZH2JANE|(Buropean Center for Disease
Prevention and Control) 5 A4 Zr=+9] AHAAEE
F3f OIFAIAL Qlek ol& 3 =1l Tt A9 o
-2 93l oJA}EAKinfluenza-like illness: ILI)E-E, H}o]
HAHEE(virus detection ratio) 59 YA A=7E 5
A 283k glom, el Al (Korean
Centers for Disease Control and Prevention)©= Q1Z&52l
A ERYA AAE 233 ek, Fule) A QB
AR A A reporting)o] 15 912 o]Fo1%]
2 glon, AR AWl §aE 17 Ao wa AR}
(reporting-lag)7} ZAf3Ic). ufelA] olejeh Miie] AlHE
Fol1, wr} 2710 We) faL wAels] 98 wIg)
A g olgalo] AWHY S B2 LAL F3)
Aoz tjulalr] gk ATS0] Park S(2009), Seo(2013)
ol oJalf A=Al Qlek B Am(rs BARE, 4
A w]t]oi(social media), JEYl AMo] 23] EHE F)
2 2hgat 2ejel Y §3 24 ALTE Aol nje
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2 1.9] 3-8-S Eysenbach(2006)7} %S AJlelgom, o]
3 Ginsberg 5(2009)-2 122 Google)o] AMo] AHE
ol-gste] ml= QISR F3S 7)o Ast=H &
Fotyith 22 2008 ml=r A AE|AIE 9] ILL Tlo]
El1O] AJA|E Fol9F x40l = 4 A 7N ILL A
AA21 Google Flu Trends(GFT) ¢ AO|EE 7§51
tHGinsberg 5, 2009). GFT+ u|=tof|A] 5Tt 7| o4k
o] A Zojof(query) FollAl ILI Blo]E 2} ATAo] =
A el 45718 ARk, o5 236t Wi Hlo]
B2 ILI19] 382 AAJk= A28 7HE stk Ginsberg
5 2009). Doornik(2009)3} Carneiro and Mylonakis(2009)
+ QEUE o] &ste] 3l B Ak AN At
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Table 1. Clinical Data (Unit: ILI-1/1000, VD-%)

Yr Wk | ILI | VD Yr Wk | ILI VD
36 6.1 | 51.6 13 | 20.3 75.8
37 7.6 | 59.4 14 153 65.5
38 8.0 | 44.1 15 [ 11.0 62.1
39 74 | 439 16 9.7 66.2
40 72 | 473 17 6.4 63.6
41 7.7 | 56.2 18 54 59.0
) 42 7.7 | 46.6 19 3.8 61.6
0 43 79 | 50.8 20 39 574
| 44 84 | 52.5 21 3.7 60.5
3 45 8.0 | 50.0 22 4.1 62.0
46 9.5 | 54.7 23 2.8 53.9
47 11.2 | 52.3 24 2.4 53.0
48 | 103 | 49.7 25 2.7 56.8
49 | 109|488 | 2 | 26 | 27| 486
so | 113|443 O | 27 | 27| 381
st| 117388 L og | 21 | 40
52 | 153459 4 | 29 | 22| 494
1 194 | 529 30 23 37.8
2 23.1 | 654 31 2.0 36.8
3 273 | 66.7 32 1.6 32.5
4 37.0 | 73.0 33 1.7 28.1
2 5 42.1 | 74.9 34 1.3 333
0 6 53.7 | 78.0 35 2.1 374
1 7 64.3 | 88.2 36 1.7 35.8
4 8 60.2 | 82.9 37 2.3 28.1
9 452 | 78.1 38 2.4 30.2
10 | 29.2 | 69.9 39 2.9 38.5
11 289 | 72.0 40 3.1 37.9
12 | 268 | 72.2
% Yr: year, Wk: week, ILIL: influenza-like illness,
VD: influenza virus detection
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Fig. 1. Selected Key Words
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4. ILIZH HM F|EQto] AEEA

A E7to] Whdaks 27] AIHEE dF 77
olofli= E7ro] 7ked 2=} o} W 2] Roj Tt X4l 3]

Il ol

o4 Y BRI AAREOR S B3 2]
o] ROl AItH ZHoA S0l sk AlHe] ol T
e NS AR A9lse] EdEE Bl 433 3
w9} 712 BN U AOR 25T 5 k. St
o gelEnold i HEste SY 57wy @
Aol egh Az Q17 1,000 G ILL gk ufo]e
AE(olEs AR A 490 WD) T

prow Pyl glon AR 4ol 15 HE
AZol 2 Q FT}. Blol| HEES A Hiolg A &
& ofefshs HlEv} vtk 2007 V) £ Qo] 2
A didollM Astar ILI #£E5h A o= Ast
ek

Ginsberg 5(2009)1} Qingyu 5(2013)9] ¢+ Ao
ofstal Z17F relMe] S S e A A19lset 7]
b olld 9] ILls & JBHAE dehlar sk 25
He|dFol A Watsh= A A=l L= A JTEHY
52 Bojo] AAsHe EdEC] ARL o FHsH: 4
F= B2 ¢ glems 2 Aok ofHRl AR
(time-lag) S 125}e] A2 ¢o]Me) LISk a4 57k
P A4 719 (time lag 0)2}0] AUASS AL
ob&®] AR tollA Q] ILISF AR (1 —1)oflAf o] HA 7)€
E(time lag 1) Alo]o] ARHAS Z17h ZARISIE

dlolH AHAL F9IE AAN S mHjola) PO
TFHEsto] AR|ASHAL Qlet] 2 AtollAE HlolE sete
BTt PCR Uiro] $sA} St 34olA] Al
3k 20709 A 719 =0 disto] 71t 1o} (t—1) oA <]
A EdEe} 7|7k to 4] ILI R-gale] Al
Table 29} 0] Upehtrk:

KM 3, PC 718 AAolel lol4s ILI% 2
A A7} Olag 0)) A9 719 AEE26]H(0.865),
AFEFSH0778), AFEFAR0.761) o=
sk S0 bk S LIS 28 A1Z7F 1(lag 1)

[HA] lag 0EG A7 7 vehd 719=s A
[9=0lA AFERAYY S7544=S AR vl
HAo] F41ol1(0.797), 541573(0.739), EF415(0.769),
AFS0.816). S7H(0.718) T2 UYERth ]9}
AFet Z3k= Ginsberg 5(2009)7} Qingyu 5(2013)2] &
Tl A= A=A FREARE S-2luEe] el A4 7

-
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St=ZA|E 20| M5t

=X

Table 2. Correlation Coefficient between ILI and Key
Words with lag 0 and lag 1

AFER | ATET | ASER =
Al i I e L
865%% | 778 | 761%x | 756%% | 738%*
(811%%) | (760%%) | (725%%) | (797*%) | (739**)
= =

p | EFAR |avsz| =2 | OO | 2
[e] O O

C | .730%* 720%* 598 A85** | 408%**

(769%%) | (816%%) | (718%%) | (478*%) | (443**)
SEEE] ARE

sgAR | e [aEsa SO | agas
376%* .286* 281%* 258 .019

(513%%) | (391*%%) | (.333*) | (361**) | (.056)

NFEF |AEY | AFEF | 5@ [UERAA
oA | A= | 2y | 34 | A=

856** | 841%* | 832%x | 822%* | 809**
(861%%) | ((795%*) | (.863**) | (.899**) | (.849**)

nmeny |ABSE| L, | BT |aERdR
(SR '
ot ks i 8

783%% | 774%% | 744%x | 607%
(861%%) | (829%%) | (875%%) | (875%%) | (.720%%)

e TEET| Hd|AERA| =G
T Am | Am | Az | A

o —~ oo Z
®©
=
st
*
*

583%% | 553%% | 533wk | 470k | 373%%
(625%%) | (.523%%) | (.569%%) | (.505%*) | (.424**)

ngze [A5E
of
.360%** 258

(418%*) | (361**)

In each cell, the numbers without and within parenthesis
imply the correlation coefficients between ILI and key
words at lag 0 and lag 1, respectively.

**: p<0.01, *; p<0.05

oA vjRE Aoz Ak,

wukel ATl M= ool ILISRe] A AJ2L7}
091 73 AFEFU(0.856), AG=HA=(0.841), A
FTEFT0.832) o= AT 23ke lag 19]
B A Aol M ABEUA R} AFERARE A
JE L] Aol A lag 191 HMof7} lag 091 A4
of Hr} ILIS 2 AHUAE Hojar girk. A4 wiAle]
whet ok Aol Mol Au A0 3AolA] et
AMol= ILIS 52 e Holal glov] o] 4
A 71955 lag 0t lag 1o]A] ILIS} 22 A
Lehfls 54< wolal gl
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1+e

7|4y QT 1,0009 W F=E LT Egoln
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=Byt Biwy T Bywp + -+ By, 2

oft}. o] AloRHE ILI2) B y, & thee) 2x|AH 3
Amgomriy 24at 4 ckMyers, 1990).

In( 1%31 ) =By + Bywy + By + ot By € (3)
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Table 3. PC based Logistic Regression Analysis

2
RC SE SRC t AR
(AF)
(Constant) | -3.892 | 0.158 -24.692
ngEs
N 0.605
A . . . . ok
1= 1.096 | 0.223 | 0.404 |4.911 (82.596)

(lag 0)

Za =) 0.124
27T 0 0O sk
(lag 1) 0.737 | 0.155 | 0291 |4.748 (24.225)

E7FZAF
TTHO S 0.806 | 0.206 | 0.322 |3.905%* 0.063

(lag 0) (15.724)
=1 0.036
— sk

(lag 1) 0381 | 0.117 | 0.209 |3.251 (10.569)

RC: Regression Coefficient, SE: Standard Error
SRC: Standardized Regression Coefficient
R?=0.827, F-value(p-value)=61.136**(0.000)

**: p<0.01, *; p<0.05

Table 4. PC based Multiple Regression Analysis

2
RC SE SRC t AR
(AF)
(Constant) | -1.3 1.564 -0.831
NEER
0.747
=13 sk
SRy 15.175 | 2.534 | 0.368 |5.989 (159.85)

(lag 0)

HE7H
AB=H 10.142 | 2.534 | 0.246 |4.003** 0.137

(lag 1) (62.47)
=1 0.016
— sk

(lag 1) 4958 | 1.158 | 0224 (4.283 (8.031)

AEEF
= 6.816 | 1.907 | 0.207 |3.574** 0.016
: : : : (9.431)

(lag 0)

ZaZA}
=0 S| 3481 1.3 0.113 |2.677** 0.009

(lag 1) (5.678)
Z 2o} 0.006
0.069 | 0.034 | 0.087 |2.021*

(lag 0) 7 (4.084)

RC: Regression Coefficient, SE: Standard Error
SRC: Standardized Regression Coefficient
R?=0.930, F-value(p-value)=108.115%%(0.000)
**: p<0.01, *; p<0.05

10% Ax =A Ueh}ar ¢lct Table 33} Table 425 E]
2A28 B3Ryl 49 ol A4 9l NEE
FA|E(lag 0), EF5/Hlag 1), 545 (lag 0) =4
(g Do= 2T B3RP 39 feleh 4
A 719EE AEEFAUlag 0), AB=H(lag 1), =4

St=ZA|E 20| M5t

=X

0
R I SR ¥

L
B N b o
= N & N,
1 S o S

In{ILIf{1-IL1))
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Fig. 2. PC-based Estimated ILI by LRM
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Fig. 3. PC-based Estimated ILI by MRM
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P 79 ILL Yol tigh ¥3} Sol5 Yehjal
(Table 1 =), HACRE FAE FE2 3FRF oz o
23 2 119} Hi5} 0|2 MojFL ek ILI AR}
ROl 3/ =4o] EUsH sk 717k 2013
week525E] 20143 week147[R| 2 T 13 %= olXFA
o] L3 ofl& AFE HolS=al Qi) Fig. 29} Fig. 3
S )i, OEEFRE] o ofzo] 2AAE 1Y
Ko} A LI 283 ACsE wE.
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Table 52} Table 6-2 ®H}Y 7|6t AM 7|99} ILI
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Table 5. Mobile based Logistic Regression Analysis

2
RC | SE | SRC ¢ Ar
(AF)
(Constant) | -3.802 | .123 -30.844
AY=7F ws | 0613
2 2lag 0) 1213 | 238 399 | 5.094 (85.706)
AEFAA o | 0163
Zak(lag 1) 502 | .167 242 | 3.001 (38.646)
= 7koH) 0.047
= [e} sk
(lag 1) 611 .145 243 | 4.224 (13.993)
AEZ2 ws | 0.022
ZAlag 1) 039 | .016 192 | 2.533 (7.168)
=8 . 0.016
(lag 1) 480 | 202 202 | 2.379 (5.659)

RC: Regression Coefficient, SE: Standard Error
SRC: Standardized Regression Coefficient
R?=0.861, F-value(p-value)=62.083*%(0.000)

**: p<0.01, *; p<0.05

Table 6. Mobile based Multiple Regression Analysis

2
RC | SE | SRC | t (AA[;)

(Constant) | 0.635 | 1.172 0.542
%(fff 4190 | 0.665 | 1253 | 6302 (2(22?799)
igziﬁ) 9487 | 2035 | 0257 | 4662 (4?{%8;1)
;‘\%;‘%—i;‘ﬂ?; 5476 | 2333 | 0.144 | 2347 (2%238(21)
%Jiii;il?) 2668 | 1101 | 0.106 | 2.423 ((5):2(5);)
%Afzjg@l) 842 | 2396 | 0523 | -3.514 (gfg%)
(lffl , | 2198 | 0797 | 036 | 2752 (2:2(1)3)
i%?ii) 7768 | 238 | 0255 | 3263 (2:(3)2;)
%1??1? 3108 | 1372 | 0102 | 2265 ((5):(1)(3)(5))

RC: Regression Coefficient, SE: Standard Error
SRC: Standardized Regression Coefficient

R*=0.954, F-value(p-value)=120.503**(0.000)
**: p<0.01, *; p<0.05
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