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[Introduction] To simulate intervention measures in controlling an outbreak of acute
hemorrhagic conjunctivitis on one school campus by using the Susceptible-Infected-Recovered (SIR)
model, to provide evidence for preparedness and response to the epidemic. Classical SIR model was
used to model the epidemic. Malthusian exponential decline method was employed to estimate the
infective coefficient B for interventions. The initial value of parameters was determined based on
empirical data. The modeling was implemented using Matlab 7.1 software. Without interventions, the
outbreak was expected to experience three phrases: (1) early stage (the first 5 days) in which the
epidemic developed slowly and could be intervened easily; (2) rapid growing stage (6-15 days) in
which the number of infected cases increased quickly and the epidemic could not be well controlled;
and (3) medium and late stage (16 days and later) in which more than 90% of the susceptible persons
were infected but the intervention measures failed to prevent the epidemic. With the implementation of
interventions, the epidemic was predicted to be controlled in the early stage, under the SIR model. The
simulation based on the SIR model kept an acceptable consistency with the actual development of
epidemic after the implementation of intervention measures. The SIR model seemed effective in
modeling interventions to the epidemic of acute hemorrhagic conjunctivitis in the schools.

[Key words] Susceptible-Infected-Recovered, model; Acute hemorrhagic conjunctivitis;
Simulation; Intervention

B AR S —Fh AL Y 2 17 A 38 1T )
ARCTFB . 2003 45 SARS A7 a] , WHO #FE A B

DOI: 10.3760/cma.j.issn.0254-6450.2011.08.021

ST  HE RTINS (NCET-10-0782)
VEFHALL: 410078 K9b, g KA A TA Bl A 79 5 ATt
2P E (BR R BB R RE R T3, X8 IR ) ;
Ay Fp i e Rl an g )

A EH B EY , Email : huguoqing009@gmail.com

3 A S e R O R 1 e R AU A T, R i
o i LIy P ol BE A R s AL R . H
TR 78 22 ) ] DAY 2 3 O B 50 T R i A A
TR PENE T R B R T S I PSS IR R A
— Pl LR bR A A e, B AT R
CFSIN NP IR N TN S S N S R Nk S
AR INTERE N S BE SR A R It , 223 A



PERATRSEAE 2011 FESAE 245 8M  Chin J Epidemiol, August 2011, Vol. 32, No. 8 - 831 -

MEWFT. 2 BE-BYHE - 1 (Susceptible-
Infected-Recovered,, SIR ) 5 B 1 Sy — Fp 22 #41 (0 15 Y
R IR BRI RE R S RE PR E B
HEME , AZEEBRBEAOTA FH. B H
R EREES N2 H R, 8 50E A T R
B R TR (SR AR L3R R me T ] LA 288 ) i 1
Peim, B SIRBAYE & Ak i 45 IR R £
RS, APFRLR A SIR AR — R R
B St e ol o 5 AR A O I Xt AT AL, AR I
Hp YA

BEFRE

1. A ETHERT #Y SIR RS . SIR R 2 3%
ABEXRHIK NHRES) BEZE(DMBLE
(R, TR KEEREHE, ZERBEEILA
B L —2 LBl fTeh S #ah, SIRERE &
IMEREMZ E.ORFEBACHA JC- HshE
MBS ERE Q- flRE-H S5 BREEM®
IR BAE—EAER ;B Bt 2, BT (8] M S5
ERHMAB S BREREREL, LB ZRECy"™, B

R BRI RB AR LSI K e B ZIF i B H v
BB R,y B 2K E E AL

EXARTHHRELT , Fu RRERER
B, et SIRBERY A R T RA R «

dS/dt =— PouSI
{dl/dt =— B SI — 1
dR/dt = yI

XPES LMD AR RS I REREERZ 4
W Bt AE AL T B 5 BuneST AR T T FUIE LT ¢ B 220 7 18
IRBIE, vl R e B 2R E B ANB . BT RIS
TREIHEMERT RS, SELBET
B, RSFREEM, IR IER /L, SIRERIEE
HARBR MR R A KR BB L M, BA
EHRERTRESBARD | MERBEEERE
W BB R FR B, AR E B 2 R A BT
AP FRTRA M) = BuS(t)lyo UA<1 B, FHH
REWfr, B ERRIOBERTRHATE, &
WK BTN s MA> 1B, R WAT A =1, BRH
BSEETE AR, WAL ERRAT-

AR THENG, SIREE PR HERRYy
HAZBE W, MR REBHZET . IR
B, KRB B A TR THERRER, BF

THEBRFLT AC)RFSREN BT EIEHE
W, Malthusian 8 8 , HAR /D EERR, EELR
BB, S () MRIEER /N, X B F 2w A
K, AT LA Z G , B % G 8B A () BUE G, B
-6 FE ] 25 b 2 96 305 W A9 Malthusian B8 , B
Bw=Ae™, X AN ER b W EHEABIEEY, I
i}, SIR R A] R R o
dS/dt =— Ae*SI
{dl/dt =—Ae*SI —yI
dR/dt = I
2. A MR AT S FE T B
B> IR A R B R AR S SR (— R
12~24h) FERER, HFEEL, |DHHKET,
EREHANTEETA IR A& FSE TSR/
BN NERE, BOE GRS M SIR # 8 % HBE g
RBHATHEAAERL, BRLEE BT HaEREE
TRE WIFHE BE YRENE, NEGHRAR
VEIEHESR,

B HT

1. LM : 20104E9 A 16 B K ¥ b
Ei .G (CDO)BERIZ M R P4 B B At m
HA R 30 RIS, B B8, 3R EUH
DB 4 . BREE, IRATE 3 MER 2341V HE, 7
KEERBPEA TSN, BHEZIAI6HEHE
TR 89 B, ABF 7T 48 £ 7R B ¥ Bl L HE LR A 1R
PHETAE RS, HERET RIS RN E—
REERH, LT REH G — KR
B X2 BB T A TR 2008 44076 9 B 57 12 Wb o
(R it R R 2 B PR v (WS 217-2008) )12,
WA RO AAEREE BRATARENL
AR

2. SIREREX S A S HERE X
THERT, ZEASRANSHEAEBHEER
YRME R E R Bue Vy A EH B, RIE ST
MAESERERES, Iy R7~104", AFRR
1/y=8d,Hy=0.125, 9H 13—15 H CDCR A AL
B, BRI, BB ARA) = BuS(1)/
Y, R13Lu=4.8872X 10", AREHZEAL R
1150 A, B E R B MRS X B BRI EE N S
(0)=1061,1(0)=89,R(0) =0,

R T (B 20 )5 %R R 3 AR A
SH . BHERERy AWMk, WE, 58y=0.125,
VR BT T e 6 B 280 A B R T S L 6 90 i Bt



- 832 - FPAETATI #2445 2011 4E 8 A48 32545 8] Chin J Epidemiol, August 2011, Vol. 32,No. 8

Z, B 1o=0, M| B.n=Ae"=A¢"=0.000 488 72, 3K 15
A=0.000 488 72, N IH,B..=0.000 488 72¢™, 7E It
Malthusian 58U ko] OR[RME, ] 1 7R kAN [A] H
TELTEOF Beon B AR AL o ARE AT 201 H 1P 255 B 58
PENG PR CHRAE " AR B S P A &
TR FE A 0, F T B 4548 it i 7 S5, 815 18 AN 2
FREARA . M 1T U5 GRS R s, 2k H
(B4 2.0 F110.5 B, AL 1 5 S PR AH 25 5078 5 4 & HX
B4 1.0 B 4D s S b A RO 40 . &5
G UL AT, WG k=1 X TS e & A )5
B, WA :S(t)=1061,1(t)=89,R(1)=0,5(1)+
I(t)+R(t)=N,N=1150,

B AR kBB A

3. AR A FRANBCEARAY SR FH K Matlab 7.1 1)
“Simulink” B ER PEAT 43 I TC T WS i A5
5 AL RIS LA AL, SR SPSS 13.0 #A4F0E T4 56
il 1l

4. TCT TS T RN & il . 280k
B, GO T4 SIR B/ 7 A4

dS/dt =—0.000 488 72 SI
{d[/dt = 0.000 488 72SI — 0.1251
dR/dt = 0.1251

Fie b7 AR R T A TR, 25 SRR . (D
FETCR R IE T, % b 2 20bE i 45 I 2 e 1 &
JRAGHE AT R 2R 50 d; @20 d P4 RS 5 Ik
BN s OTERENE BRI (<5 d) W&
JRGNZ: | bR MRSy 4 45 it e RS0 5 A8 s Rt e
WI(EE 6~ 15 K) , By B ol /0 0 138 R g 2 348 Jon 3ok
JEIARIL, By 4 e Tt AR e 18 2 BRARSICR. s A9 R R
FIEH(=16 d) , 3T 90% 1 5 B Y T 4w , it
SR R e oA R ([ 2) .

RIS 5 o 5 RELH N «

dS/dt =—0.000 488 72¢* SI
{dl/dz = 0.000 488 72¢ 'SI — 0. 1251
dR/dt = 0.1251

600 |
-~ —— LT WSIRY K
e F % THURSIR Y 2
o) / \ — EFRRRIEN
& 300 | / X
g / AN
200 F / N
k.
100 N\\
) PPNy = Eaa

1 5 9 13 17 21 25 29 33 37 41 45 49
i

B2 Sk PEES R AEA T T SIR A
PENG U HLAG RS SR PENT K R LR

Fii2 7 FRLRTRENS R4 T 05 2L, ZE R IUT Fil s it
J , PEEIAT B R e B B AESS S R
B—AN/ N B S SR A

5. Bt i 4 B 5 SEPR S SR A K Vb
CDC #3749 A 13 HIiZM T4 3 B 1] Sk
MAESS BRG], 2 16 HymFlm sy £, Rif—29"
B LB CDC IR AJFSEH 45 , B A0 1)
R, 218 HT M AR 14, H 25 H i
ToB RIS TR B 2 Bon SR AT TR
Jiti Je PR R AR 25 S S A S Pm & R AR T

6. /N [7] B[] 5 SR BT T4 e o) 8 155 % R 1 L
B AHIF S 3E o B A3 AL T 55 510,20 SRR EX
TRt A &R I JC T RGN I RE
RIEIATHES . 453 WK, BER T R 1] A ZE 5, G
i N s g R I B AR 25 . 5
TP A RENE & R Fe A, 26 20 FR BT i it
CEH BRI (E3), 7, R RIS it , 7%
155 B S B BT

600 |- — T FSIRTGBL &5 3
sl —— BSRRMTFHU I
—o= BB THiH e
400 F e N e FE20 R KTt e
§ 300 - k
200
100 ) i
O C ) NN NN SN I N N N N N N | I‘I—IﬁE_IAT--TN"Ii--I::IL-I’T I'
1 5 9 13 17 21 25 29 33 37 41 45 49
t
B3 e e A B A i A ] R IR T

Rl R fh i

it i
PUAE X STR A28 (1) I FHATE 5% 22 B Hh AR AR A
R e el S = 2\ S ES RN B S U N N B |
Malthusian #5750 X6 SR BB 43 15 7t il J 140 1% G R R 8L



PR TR 2R 2011 4E 8 H 4532445 81 Chin J Epidemiol, August 2011, Vol. 32,No. 8 - 833 -

Beon I

SR R I AR A SR W T B 70 BURIAR AT
TREE A ZH 24 BIAS R (CA24v) 5 [ B9 A PEAE YL
TR A R S B R A SR 2 2 SR 7E DA
SN FE 2 NFER T T AN AR AFC LA LA )
IR R AERAT , B MERE R, HXT 2155 1 47 0 P e
ZAEW R AAL T . DAAEXHZ 2B 1 AL B 32 AR
HIEILAAL B 30V S VA S5 B S8R S

KRB R R, & B B 5 BT S K%
1R BN, NS RAET i B, R B
I 1350 AR B4R 1T e B EE AR R T i
TSR A G M ABTADL 1 SR BT P il i 8 1 & R FAS
[ A AT R B T A 3R , o Aok H i 3 8 3 1
A PRI AL R ELA 8 5 X

| F Malthusian 45 71 X} 8., BCE J5 #5401 45 R i
7, T P AR A b A e e, T ELiZ AR AU 2
I 55 P S PR B B AT, Ui B SIR B AL AE 2
H A 235 5 A AT A B AT — i W L

£ % X W

[1] Lipsitch M, Cohen T, Cooper B, et al. Transmission dynamics
and control of severe acute respiratory syndrome. Science, 2003,
300(5627) :1966-1970.

[2] Riley S, Fraser C, Donnelly CA, et al. Transmission dynamics of
the etiological agent of SARS in Hong Kong: impact of public
health interventions. Science,2003,300(5627) : 1961-1966.

[3] Huang DS, Guan P, Zhou BS. Research on fitting of SIR model
on prevalence of SARS in Beijing city. Chin J Dis Control Prev,
2004,8(5):399-400. (in Chinese )

BOEEAE OGN, A SRR, SIR BRI AL 5T Tl SARS FEI i A T AL A
L E RS, PO %K, 2004, 8(5) :399-400.

[4] Tan XH, Liu Q, He JF, et al. A study on the transmission dynamic
model of SARS in Guangdong province. Chin J Dis Control Prev,
2006,10(6) :560-563. (in Chinese)

O, BT (8104, 45 ) AR SARS AR LB SHIERFSTE. 92
Eta 44,2006, 10(6) : 560-563.

[5] Zhang B, Song ZZ,Tao B, et al. Dynamic of SARS spread in
Inter Mongolia and evaluation of the effectiveness of intervention
measures. Med Ani Prey,2008,24(1) :4-6. (in Chinese)
st , AOH AR W, 55 NS H IR X SARS LRI A S K
HTBURIEFN DTS, BE223hHB51R ,2008,24(1) :4-6.

[6] Xia JL, Wu H. Analysis of compartmental modeling for epidemic
data of SARS in Hong Kong and prediction of SARS
development in Hong Kong and Beijing. Chin J Dis Control
Prev,2003,7(3):182-184. (in Chinese)

HEOk, 55 BRI 58 Ao I (00 7Y 28 A AL 434 A ke Ik
SURENT R R 1) B . P 5 i 2%, 2003, 7(3) : 182184

[7] Wu KC,Wu KL, Chen WIJ, et al. Mathematical model and
prediction of epidemic trend of SARS. Chin Trop Med, 2003, 3
(4):421-426. (in Chinese)

RIFGE, SRTF5  BRICTT, 5. SARS AR BA ) 5 i A 7 R 341
MAFSE. B R, 2003,3(4) :421-426.
[8] Wang R,Ni DX. Analysis on epidemic situation of acute

hemorrhagic conjunctivitis in China. Chin J Health Educat, 2008,
24(5):331-333. (in Chinese)

L ARTTR. I 2 a2 A S 1 A3 A v B e
H,2008,24(5):331-333.

[9] Chang ZR, Zang J, Wang ZJ. Analysis on epidemic feature of
acute hemorrhagic conjunctivitis from 2004 to 2008 in China.
Chin J Public Health Manage, 2009, 25 (3) : 268-270. (in
Chinese)

B W 5K, LT 2. 2004 — 2008 45 4 [ 2 H 1k 45 R 42
TATRHES T, h E AL A5, 2009,25(3) : 268-270.

[10] Kermack WO, Mckendrick AG. A contribution to the mathematical
theory of epidemics. Proceedings of the Royal Society of
London, 1927.

[11] Xu WX, Zhang ZH. Asymptotic analysis of an age-dependent
SIR epidemic model. J Xi’ an Jiaotong Uni, 2003,37(10) : 1086~
1089. (in Chinese)

R SCHE , SR AR, A IS A5 AL SIR A T 1 R AU R ik 43 4T.
V2248 K241, 2003,37(10) : 1086-1089.

[ 12] Malthus TR. An essay on the principle of population. J Johnson,
London, 1798.

[ 13] Ministry of Health of the People’s Republic of China. Diagnostic
criteria for acute hemorrhagic conjunctivitis (WS217-2008).
2008. (in Chinese)

A R RTE DA . 20 Pk 2 R 52 12 W b
(WS217-2008). 2008.

[14] Jiang LJ, Huang GB. An epidemic analysis on acute hemorrhagic
conjunctivitis outbreaks in a township school. Chin J Sch Health,
2009,30(9):855. (in Chinese)

ZEH S, i S U S RS R R AR A
Hr. hESR A, 2009,30(9) :855.

[15] Zhu MS, Sun CX. An report on acute hemorrhagic conjunctivitis
outbreaks at school in Leigu town, Zhushan county. Chin Pri
Health Care,2004,18(5):28-29. (in Chinese)

R IMEE . AT I BRSO 2 2 Rk S i PSS R A 1Y
VA A AL I b R T A AR, 2004, 18(5) : 28-29.

[16] Xin JQ, Wang WI. An whole situation analysis of a kind of SIR
epidemic model with vaccination. Math Prac Theor, 2007, 37
(20):71-76. (in Chinese)

AT, B, — A RN Y SIR A% Jeig B i) 42 )R 4347
FeFEn S IR, 2007,37(20) : 71-76.

[17] Song M. Stability of a SIR epidemic model with time delay. Math
Prac Theor,2009,39(15) : 136-140. (in Chinese)

RSE. —ZEF I 1Y SIR A% YL B B R k. By 9Bk
TAiH,2009,39(15) : 136-140.

[18] Zhao CS,Liu YD. Dynamics of SIR model with diffusion terms.
J Beijing Jiaotong Uni,2007,31(3):84-90. (in Chinese)
B, XEAR. HAT Y B0 SIR AR (14 5l 7). b 38K
2224%,2007,31(3) : 84-90.

[19] Pang JB, Lu L. Fuzzy control mathematical model on infection of
SIR type and its application. Chin J Health Stat, 2003, 20(3) :
154-157. (in Chinese)

Ve %, HE). SIR 21 Jeypg fSORM sl A6 28 b O JH. vl [ T2
4i11,2003,20(3) : 154-157.

[20] Hu BA, Chen BW, Xia AS, et al. Study on a delay SIS epidemic
model with logistic growth. Chin J Engi Math, 2007, 24 (2) :
373-376. (in Chinese)

B2 RIESC, LB, %5, logistic 14 4 A IR SIS AR 434t
TARBA R, 2007,24(2) :373-376.
(Ui H191:2011-03-16)
(A3 - SRARAR)



