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A Study of Epidemic Outbreak of SARS
in Taiwan by Neural Networks and
Regression Models

Hsing Luh Li-Jen Chin
Department of Mathematical Sciences
National Chengchi University

Abstract

The outbreak of the deadly virus of severe acute respiratory syndrome
(SARS) grew drastically in multiple ways of spreading from Southern China to
many other countries in November 2002. This paper intends to study of the
possible factors that relate to the number of SARS infections in Taiwan by
Neural Networks and Regression Models. We investigate the number of new
SARS cases by considering confirmed cases, suspected cases, probable cases,
people with SARS-like symptoms, and number of infections in neighboring
countires of Taiwan in that period. By two different study tools with confirmed
analysis, we find that there are several important indices to track the number
of new case occurrences, including probable and suspected cases, SARS
infections and the number of people in quarantine, etc.

Keywords: Theoretical Epidemiology > Back-propagation Network > Regression



HH 6 SARS REHMZ B E o4 Sl

1~ Fig

2002 £ — F o B A I B R e AR % A B o IR P B E (% B (SARS)
TETE > R TE IR A 5 2 B > 5 R R IR B - R A A Rk (WHO)
22003 £ A H FIUH IR G SARS LIEHEHI G LM BRoE L2
RE BRI AR - 2B CNN Ei & th S H i oK E e iRt
iE R B R TR A TR - AR H BIE R R s BRI IR a3 LUE R
RAHH NS GR R B 2 5 K38 -

SARS 2 — S AR & 5 [#E > 6 AN B B2 Ml RS |l e ~ MR RGE
EEHPE - AR ER RN - X FIE ABRESERES]---&
ATAEJE S SARS - EH SARS &H E L RIENRY] - R4 K - EiR

S BERSHERERE  HBRBWAZERDRE  HE— =X
REESHE W HEEMR - Mg LFER  REMEBEFEEERG
B ATRES [ RENFUR =R TSR o T AR Fra Ay A B A & 38 i IO {18 7 B -

1. 5 B gL ¥ (susceptible) @ R YL SARS JKEHHI A -

2. 7% (K B¥ (incubational) : V&K B A2 L& SARS » {H5 R SARS fiE

mE
3.ZepERE(LD * TR SARS JWFH L H SARS JiERE -
4. 96 72 B SE L Bf (immune or death) : 58 9% 858 CHE AR & & SARS JESiR
EERERE - MEFEANN g 5 2E SRR T -

ASCLATHRS B8 22 B 2 H - m] RE 52 8 SARS Z (B A A= » iE
FATRAT R R0 A et B2 A 5 - 3 T Al LT A1 22 ¥ SARS 57 14 &
RNEEE WS TEESITIE

LaT e Bva i AN B -

2GR AT RETE T L -

3.SARS %E DL il 8 -

456 B8 -

SN PN

6. 7% v g N B -

(@1 PN YN

8. N g N -



52 WEMARLEREY AFERS L5 -9

SN N

0. H AR -

IR ERIS A B AR ES IR > AUt #EIUE PR AP 2L
DRI 35 Ty 2 80 TR e N S o B2 DR 32 © BT 98 1 L i S e I Rl B 7 A A o

2 SCRkERA

21 RITHRBHRAR S E

R EERABENENE MK 7 - EE LN TH R "1 #
ETIETGSRUEE T - IR AR FERFBIE R - SRAREH AR
LR BE S TR B A AR o B B IR 3R S RN B Y (E ML - 2
FEANBFR R A - BRMEIRIE - ERRTREME N 25N
BN 5 o BRE R EEEUR AR AR - 6T ER0 T
8 2 H SRR B B R 32 i i AR SR A FE e Y B G~ BRAT R R 52 19
TIE QR TSR ~ FRIE - ERERE - ARSI ~ E M AT
EAE ~ ERATEEA AT 5 a9 EE R E o R ERETE
BREAM LGV RRR ~ FIEHEZR - JIEMEA - 2ENHRETE -
ERRR 72 - BESRMIBE R HEE © METER NS EER ~ FHEERSE
ERE LT TIEP B E S ettt - BEEH  BHER  oWEHR[1] -
TRAT IR B 52 05 5 R BORT 3 e 0 TS 25 -
HBEE

L g 5 14 F 92 (descriptive study)

2.53 M1 1 i 42 (analytical study)
OEBE

L AT 975 B2 v it A B B 12 (experimental method) 0 MM {F BF B Ut 17 95 22
(experimental epidemiology) - NHFEL 2 1T 20U F AT ~ I R E B
= o NG R (community field trial) ¥} PRI 1T 7 A9 SO - TP 52
(intervention study) °
CB A A B E

L. 2 5 Ut 17 7% &2 (theoretical epidemiology) i/f 72 th NL 8§ # i 17 /% &2
(mathematical epidemiology)fiff 72 » /& i i 17 7 £2 3 & fir 13 21 1y Bids - AT



HH 6% SARS R EHIMZ B F o4 S3

H i 8 2 R A (modeling) B FH & i 15 5k (computer simulation) » 317 H &
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% 3. Stepwise Regression

Stepwise Regression: y versus X, ~ X, ~ X, ~ X, ~ X, ~ X~ X, ~ X~ X,
Alpha-to-Enter: 0.15 Alpha-to-Remove: 0.15
Response is y on 6 predictors, with N = 60

Step 1 2 3
Constant -0.2905 -0.2165 -1.9194
X, TRER 0.128 0.193 0.355
T-Value 11.98 7.90 5.85
P-Value 0.000 0.000 0.000
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X ¥ -0.00133 -0.00204
T-Value -2.91 -4.12
P-Value 0.005 0.000
X, RE -0.74
T-Value -2.89
P-Value 0.005
S 3.81 3.59 3.37
R-Sq 71.22% 74.95% 78.20%
R-Sq(adj) 70.72% 74.07% 77.03%
C-p 16.3 8.9 2.8
Stepwise Regression HHAJ%] X, Bl ¥ HWREZRNE > FE X, 0

HERAXHR Y ENZER X THREX, - X B RAI X, HRY
HIE R K » B3 3 - AT Best Subsets Regression DLEF{d % £ 78

x4 BHABEKXZHmAE

Best Subsets Regressioh: y versus x1, X2, x3, x4, 5, 6, 7, %8, %9

Response is v

X XXX XXX
Vars R-3q R-3giad]) C-p 3 123458673889
(%) (%)

1 71.2 0.7 14.6 3.8095 x

1 64,5 6.2 30.4 4,2148 ®

2 74.9 74.1 7.4 3.5851 " "

2 73.8 TZ.8 10.3 3. 0080 X

3 782 .o 1.5 3.3744 o KX

3 T6.8 75.6 4,9 J.4804 XK K X

4 78.6 .o 2.5 3.3749 A A 4 X

4 Td.d T6.9 £.9 3.3664 n KX x

5 78.85 T68.5 4.1 3.3917 XKEXXKX

5 137 T6.8 4.1 3.39E8 nH KX x

& 79,2 T68.5 5.1 3.3908 KEXXKX x

& 79.1 6.8 5.2 3.3934 K EHE K XX x

7 79.4 - g.4 3.4020 KEKXXKK KK

7 79.3 6.6 6.6 3.4079 AR XEKE K X

g 79.6 Th.d g.1 3.4217 KEKXXHK KXK

g 79.5 T6.3 8.3 3.4296 HKEXKXHEXEX

q 79.6 75.9 10.0 3.4539 KEXK KX XKEK
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X X
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X -0.0020413 | 0.0004956 -4.12 0.000
s =3.454 R-Sq =79.6% R-Sq(adj) = 75.9%
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Regression Analysis: y versus x1
The regression equation is

HE 6% SARS R B K 5 H

y=-1.12 + 0.402 x1

Predictor Coef SE Coef
Constant -1.119 1.021
x1 0.40190 0.05619
S=5.176 R-Sq =46.9%
Analysis of Variance

Source DF SS
Regression 1 1370.6
Residual Error 58 1553.8
Total 59 2924 .4
Unusual Observations

Obs x1 y Fit

55 27.0 23.000 9.732

58 30.0 23.000 10.938

59 38.0 31.000 14.153

60 41.0 26.000 15.358

T P
-1.10 0.277
7.15 0.000

R-Sq(adj) = 46.0%
MS F
1370.6 51.16

26.8

SE Fit Residual
1.001 13.268
1.132 12.062
1.518 16.847
1.671 10.642

R denotes an observation with a large standardized residual
X denotes an observation whose X value gives it large influence.

Regression Analysis: y versus x2

The regression equation is

y=-0.290 + 0.128 x2

Predictor Coef SE Coef
Constant -0.2905 0.6286
x2 0.12821 0.01070
S =3.809 R-Sq=71.2%
Analysis of Variance

Source DF SS
Regression 1 2082.7
Residual Error 58 841.7
Total 59 2924 .4
Unusual Observations

Obs x2 y Fit

48 67 0.000 8.300

51 80 0.000 9.967

56 125 6.000 15.736

57 132 6.000 16.634

58 152 23.000 19.198

59 169 31.000 21.378

60 189 26.000 23.942

T P
-0.46 0.646
11.98 0.000

R-Sq(adj) = 70.7%
MS F
2082.7 143.52

14.5
SE Fit Residual
0.590 -8.300
0.677 -9.967
1.066 -9.736
1.133 -10.634
1.330 3.802
1.500 9.622
1.704 2.058

0.000

St Resid
2.61R
2.39R
3.40R

2.17RX

P
0.000

St Resid
-2.21R
-2.66R
-2.66R
-2.92R

1.07X
2.75RX
0.60X
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Regression Analysis: y versus x3
The regression equation is
y=-0.227 + 0.0644 x3

Predictor Coef SE Coef T P
Constant -0.2272 0.7999 -0.28 0.777
x3 0.064357 0.007340 8.77 0.000
S =4.656 R-Sq=57.0% R-Sq(adj) = 56.3%
Analysis of Variance

Source DF SS MS F
Regression 1 1666.8 1666.8 76.87
Residual Error 58 1257.6 21.7

Total 59 2924 .4

Unusual Observations

Obs x3 y Fit SE Fit Residual
51 191 0.000 12.065 1.061 -12.065
56 239 6.000 15.154 1.366 -9.154
57 252 6.000 15.991 1.452 -9.991
58 196 23.000 12.387 1.091 10.613
59 265 31.000 16.827 1.540 14.173
60 281 26.000 17.857 1.648 8.143

Regression Analysis: y versus x4
The regression equation is
y=1.67 +0.690 x4

Predictor Coef SE Coef T P
Constant 1.6747 0.6048 2.77 0.008
x4 0.68995 0.06682 10.33 0.000
S=4.215 R-Sq = 64.8% R-Sq(adj) = 64.2%
Analysis of Variance

Source DF SS MS F
Regression 1 1894.0 1894.0 106.62
Residual Error 58 1030.4 17.8

Total 59 2924.4

Unusual Observations

Obs x4 y Fit SE Fit Residual
45 1.0 12.000 2.365 0.579 9.635
51 10.0 0.000 8.574 0.678 -8.574
55 18.0 23.000 14.094 1.085 8.906
56 20.0 6.000 15.474 1.203 -9.474
57 24.0 6.000 18.233 1.446 -12.233
58 25.0 23.000 18.923 1.508 4.077
59 31.0 31.000 23.063 1.888 7.937

60 34.0 26.000 25.133 2.080 0.867

0.000

St Resid
-2.66R
-2.06R
-2.26R
2.34R
3.23RX

1.87X

0.000

St Resid
2.31R
-2.06R
2.19R
-2.35R
-3.09RX
1.04X
2.11RX
0.24X



Regression Analysis: y versus x5
The regression equation is
y=0.800 + 0.00196 x5

VES

Predictor Coef SE Coef T P
Constant 0.8002 0.8293 0.96 0.339
x5 0.0019605 0.0002705 7.25 0.000
S=15.144 R-Sq=47.5% R-Sq(adj) = 46.6%
Analysis of Variance

Source DF SS MS F
Regression 1 1389.7 1389.7 52.52
Residual Error 58 1534.7 26.5

Total 59 2924 .4

Unusual Observations

Obs x5 y Fit SE Fit Residual
48 4947 0.000 10.499 1.072 -10.499
51 6529 0.000 13.600 1.433 -13.600
59 6112 31.000 12.783 1.334 18.217
60 5189 26.000 10.973 1.124 15.027
Regression Analysis: y versus x6

The regression equation is

y=7.64-0.114 x6

Predictor Coef SE Coef T P
Constant 7.640 1.330 5.75 0.000
X6 -0.11414 0.03613 -3.16 0.003
S =6.559 R-Sq =14.7% R-Sq(adj) = 13.2%

Analysis of Variance

Source DF SS MS F
Regression 1 429.43 429.43 9.98
Residual Error 58 2494.97 43.02

Total 59 2924.40

Unusual Observations

Obs x6 y Fit SE Fit Residual

1 95 0.000 -3.204 2.551 3.204

16 155 3.000 -10.053 4.652 13.053
55 7 23.000 6.841 1.146 16.159
58 6 23.000 6.955 1.171 16.045
59 9 31.000 6.612 1.099 24.388
60 5 26.000 7.069 1.196 18.931

% SARS 7 5 ki 2 B F o 7

0.000

St Resid
-2.09R
-2.75R
3.67R
2.99R

0.003

St Resid
0.53 X
2.82RX
2.50R
2.49R
3.77R
2.94R
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Regression Analysis: y versus x7
The regression equation is
y=4.24+0.00186 x7

Predictor Coef SE Coef T P

Constant 4.240 1.098 3.86 0.000

x7 0.001859 0.007023 0.26 0.792
S =17.096 R-Sq=0.1% R-Sq(adj) = 0.0%

Analysis of Variance

Source DF SS MS F
Regression 1 3.53 3.53 0.07
Residual Error 58 2920.87 50.36

Total 59 2924.40

Unusual Observations

Obs x7 y Fit SE Fit Residual
10 792 0.000 5.712 5.042 -5.712
17 384 0.000 4.954 2.284 -4.954
44 389 0.000 4.963 2.316 -4.963
55 79 23.000 4.387 0.917 18.613
58 73 23.000 4.376 0.921 18.624
59 38 31.000 4.311 0.976 26.689
60 39 26.000 4.313 0.974 21.687

Regression Analysis: y versus x8
The regression equation is
y=4.23 +0.032 x8

Predictor Coef SE Coef T P

Constant 4.228 1.360 3.11 0.003

x8 0.0319 0.1861 0.17 0.865

S =17.099 R-Sq=0.1% R-Sq(adj) = 0.0%

Analysis of Variance

Source DF SS MS F

Regression 1 1.48 1.48 0.03

Residual Error 58 2922.92 50.40

Total 59 2924.40

Unusual Observations

Obs x8 y Fit SE Fit Residual
1 20.0 0.000 4.866 2.868 -4.866
8 21.0 0.000 4.898 3.045 -4.898

31 20.0 4.000 4.866 2.868 -0.866

38 21.0 8.000 4.898 3.045 3.102

55 8.0 23.000 4.483 1.036 18.517

58 5.0 23.000 4.387 0.919 18.613

59 6.0 31.000 4.419 0.923 26.581

60 4.0 26.000 4.355 0.953 21.645

0.792

St Resid
-1.14X
-0.74X
-0.74X

2.65R
2.65R
3.80R
3.09R

0.865

St Resid
-0.75X
-0.76X
-0.13X
0.48X

2.64R
2.64R
3.78R
3.08R



Regression Analysis: y versus x9

The regression equation is

y=4.53-0.121 x9

Predictor Coef SE Coef
Constant 4.5266 0.9288
x9 -0.1206 0.1650
S=17.068 R-Sq=0.9%
Analysis of Variance
Source DF SS
Regression 1 26.67
Residual Error 58 2897.73
Total 59 2924.40
Unusual Observations
Obs x9 y Fit
1 40.0 0.000 -0.296
2 17.0 3.000 2.477
55 0.0 23.000 4.527
58 0.0 23.000 4.527
59 0.0 31.000 4.527
60 0.0 26.000 4.527

RS

T P
4.87 0.000
-0.73 0.468
R-Sq(adj) = 0.0%
MS F
26.67 0.53
49.96
SE Fit Residual
6.492 0.296
2.786 0.523
0.929 18.473
0.929 18.473
0.929 26.473
0.929 21.473

R denotes an observation with a large standardized residual
X denotes an observation whose X value gives it large influence.
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0.468

St Resid
0.11X
0.08X
2.64R
2.64R
3.78R
3.06R
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