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F57) Aotk olEehs XAl oF 90%7t Wi Ao AW B Al A
Bae IR vtelEac] s dojuty A F=7) i 5o RE I
stk Féleke F2 2949 &, 9T 59 S4E Tl FHhwel Xt 5
of ofell A= F4 w2 A Aotk

FAE AAEL 23 AFol AAA A= A vldEol] LaF o] B ARow F} A
°old, FEFs 5o MAADEES vt (Lim, 2007). 24 £A48 A2 Johage =, A
& oo FeuiziAel f3nt. edd S5 A AU 299 22 2T AIlA FdE, A
= Tl A= 1996 99 BA=E BFA 7P A A Aol
A SAE AF T 597 T 2070 ARdetse] AsiTh AAR Aol BT A 1239 A

A}

o
B2E gAA &

ol X

o,

T

1AFe] Awl Aot o] A& Ak 20049 9 AA

Setmel s Awdelsel Bggel sy 2 wAde] FAolA uFH Y FRARAL HA%T

12059 % AA% 87} 33890] k. A A Ao 4L $EEY IR oo Asjol
1

A2 Aotk ge] 4 wiel BT M2 Agyel AL A el ok
a9 Aspifleh AN == vsl] wiEolnt. ARl Aatel o] A7 Ky, ¥

T AAAY ARES F § thdsia S3e FEje] Asel A Ao2 Uayth oA

St 2R3 | Ade] wEshd d5 o B A9l AgEAl ke Aotk

2 A7 5AE 9% A ARE o8t £U4 WG ke shl =@k Sk E AT

5 AW 2ol 27) AldelA #3E AR E o83t
A Y By 75 Huxp g
& 2h= Daley st Gani (2005)°] ojstal e vlel A4S oS53t AEEE SAISH]

2

9] 27]of] AAE ATAE= 1766 Daniel Bernoulli®] dFo|ty. 1x AAF] tfst &

Sk ofstr] Sl ARl BYS vEdnh BolA o ALk ATl thgk HE A
TRl A 29 97HE R O +HE FIHZE  USS Hol F3UTh (Bernoullig}h Blower,
2004).

A A3 AHZ B3} ob=tl olA] 7P tHEA A W2 Kermack 2t McKendrick (1927)
of &Ja Al¢kd SIR EPeltt. SIR YL BE #4950 HF 7Fedta, 7 #4895 AteldlA A
Qo] WA Ths Aol SASTIL AR SIR ZHe AP fAel A 2ATE 24 3 Aoz
T2 F o] JI7] olFS B3 sto] A 27 Aulage AWsty] fste] Aldd 2ol
. AA 2RSS (susceptible), I (infectious), R (removed or recovered) 2 &3t} AA 2R G
o] IAH ] Qlth= 7oA S+ AA BT 7k Aol g 7FeAdel de A, & ZEud
T2 vehdch I A9l EE Jd, & TS gt oxHe gz R Aoz RE 315y
At Abgste] Blojues A, & 3572 oudth. SIR 232 AT S3be o|27|7bA] theF
s Aol A& 4 gtk FEe E AR S FEH o Y}ty A3t PR A9

A

o

ds

g —AS(H)I(2) w
o = AS(I() A1)

dR
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o 4 (L1)oA] ASt = 247t B3} 282 el w3 A5olth.
T = 2 3A ZAA (deterministic) 27} E-EZ (stochastic) EHOZ L}Fo]

o9} T2 HNEH =Y
¥ 5 otk WA 244 2Re 1 $4%00] GEA0 91 A (L1)T} 2L 524 RYew R
7153 ngolt. Ao AL o] = AWS A w AARRC $8A YL ALt AR
A maol Mo} ApolH e ohE a9l 1§ Ex, 78, AYPe] S DA Yehie 2 2
FEth & S, L R 3 22 X2 U dAE Usidi+= dl /\F&E]D} Bpte] A A THE GAR
Hol7ke MolstEe 2844 2] Wl R $RAL olgslel ERET. olHe BYL Tk
BT e A I Azl tig nlRola, JEA g2 AAFo gk Fol 7Hge] FHolof &
th %, £9 A% Wske 27 2R AU dolw /1% o185 A 2 & 9tk (Braversh

Castillo-Chavez, 2001).

% WAL B87 (stochastic) ZYolth. HFEHoleh lult dole] WaE Ak Holth.
£ B A7) B2 Sht o) 4o FoA gelo] MBS HEFoA FAL o] HE B2
£ 245 Soolth. Aol AW 4 Aot $L Aushtr] golA 24 BBL ol g3
£ e 539 Bedl AL & Atk AR HE 2AY0 BE 5 s 9908 298 s
7 YA BB mye] Bl AYY 4 AUtk HE BYL wF, DY % /e A st 9o
1319) Wkl e} Bebdch. 29 A Adold Mol 23 o A4St (Trottiers) Philippe

network) &2 41-347]——6]-1‘/]- (Ch019]- Rempala, 2012).

S+1220:hy =hi(S,1,R) =ASI
I R:ho=ho(S,I,R) =~I

A7VA b, ha 2124e] S3t wESAS] WA AT E el 98 Bl
Neurirth 5 (2004)2 &2 W3} 242 9PHE o] 83t SIR 22| 23 23 2l Susceptible -
Exposed - Infectious - Recovered (SEIR) 282 1%3}3th SEIR 282 SIRA E7F 719 =2
PO 2R E & Exposedd UEPN T =&Folzt 20t 7 diwollA 7oz Hoj=+ Ao
H Ao BEIE 27H 0% Tejsle BRIt SIR R4S SEIR 29 2 7 ofz SIS, SIRS B
P} o] o] Fejr A FH Utk SIS B2 FHEI)7 gle dHer A¥d ZdE H oAl Y
TR Folrke BFolrt SIRS 232 SIR oA 35S 611 thA] 7 T o8 7t &
olt}t. SEIR, SEIS 232 AWl Zrgge] A71717HA9 FA71E 71 3l 23, SIRS 232
A T 350 AIAQ HYe 23olt} (Kim, 2010).
oje} 22 Mo gt HAHE AWstr] 913 SIRFO B3PS o8t AA AF X}E"ﬂ A%
g A7 FulQlollA st A3 5]93\“/}- 71EATE AFEE Y= A =Y
23S 7P w@o] AR8eta th Hwang 5 (2007)ol4= sh=r9] dete|of, ASSvrsE
= &35t vAY FAACE 28H = SIR R3S AL5to] 7] @4l tial f—i“é‘?i v E o
3t= ATLE 3T} Ryug} Choi (2015)01],(1‘— Aol Al (A AA A AT FEZAQ 3}
o thet vl ATE 3L, Seo} Choi (2015)0AE B8 FAHS 9ate] Le|vel AEZE 337
e o]%zs}oq SIR 23 UlollA] Z} 9] wo] Lol 35 AL wErhs 7H4 ol B354
3 g By ]*9“3}04 2y ?-—-?‘GPC’% P EYS Oq:rLﬁ}‘ﬁD} Lim 5 (2016)°M <= w22 o
= 00)ol A= S 2z AEAS
P 239l SIRS R8-S AL3}
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£ ol &3 A BPZ 5] AiAe RES T+
, BT, 2 a2 5O 2719 Y] B sehe vke
A 52 2AE Fote] 7 4 Qdvk v A A
Ely trajectory)o] = Aid o]
oltt. T} & AFolA] o] &3 AAm= SRFAFA A AFH
Ak o] ek A B4t 8l 2EAA Y HolH 7 FolA A 7] wiEol
072 3T g k. & dFolAe ol HAE S8 Aot fle-zg
(Anderson3} Britton, 2000, P. 4)<& ©]83to] Z7|AIAHA S A 7 &
200 BUZAE Bofol 244 249 AUE 7V T ol AN A
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of thate] detazt gtry. a2]a 3FoA e AAl AR ot AE okz ezt 54 A9 Fd
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ge-zgA~E 232 1928 Lowell Reed®} Wade Frostoll &JsiA] Aetd m3og 3t Ao <
oA A A3t A AWstaz) s RYLRE FEH WES M B3 7ed shuboltt
(Deijfen, 2011; Abbey, 1952). F2 712} Zto] = 7|7} 2L Ak koA A delr-ﬂ AlZbo] At A
o7 F2 74 Aup AHS AWt HAEs Z¥Po|tt. SIR By 7|EFH O R fAls 7o ryE
B Ao gt A4S A9t AR ¢ (714 Aol REEA] At Eo W AIHY e+ ¢
D}) Ee Al tollA 2] 710 E9H 08 oS FS5st] AHS AaAl7ler ojd 7+
d 52 pet oAk Al tollA ZEE A Vﬂ Thx Al t 4+ 102 o) F3HA = Al t+ 1A
ZdTol G AR tol A= A AL Al 7 FE2 old Aty el gEstrta 71y
5t A4 o|FEEE o] 83l BPEZ IET —’F 013}

XS Y7 A4 AR (e AlY) oA a2 ETY 8 VERAITER 3EAE the Al
At + 19X ZEFY $7F YVipr = ye1 7F 2 BES ALE] f8te] glE-22AE BEH2 A o3}
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T YL Yk Yk = 02 EAIZ  9lom o5 WY TEL vkE o) A 3
F2 i ﬂ € eIz 4de mad doh ol ARS2RE 27 AA el
%

e ZdTe] Ao FEL o3 2o] Foldrh

PYi =y, Yi = yr, Yir1 = 0| Xo = n, Yo = m) (2.2)

P(Yl :y1|Xo :n,Yo :m) X oo X P(Yk+1 ZO‘Xk :mk,Yk :yk)

)(1 — g T X (%) (1= ") (¢")™

o AN AEH gARe 45 Zek B o= Z =3, Y7k
21)7 (22)F olgsle] AAUATT RAZY 27 271 L o AF AAAS
27} Z = 27} 2 BEE e} o] Fo k.

I
o —
< 3
S

P(Z=zXo=nYo=m)= > PN =y, Y=y, Yer1 =0Xo=n,Yo=m) (23)

yilyl==

oAl 27 AR FGWARY &, g 5, AP AF AT FolAW 4 (21), (22),
(23)025E 49 FE p Tt FFS It B =1 ol BY SEFSE 7T 5 U3 49 3
Fol of3t 4 S0 4 ek

3. A5 EA

oglt
tlo
o
oo
L
oy
ng
ifa

7%
R d FES FAS] SAsted Aozt AT AME FE=
Maroua A9 A% 2AF A5E o|&3t3let (Profitos 5, 2014). 2 52 Aol ostd HdEx
AbdlelE = 2013\ 69 147E 849 1U7hA] Marouax| 9] v] 2| vh&2 tF o s sto] 2AF = 9]
ot o] 71ZbE Sl A gL} 719 Al Al dAska vl 2l vhee] A2 Ad 200993 2011
of 24 F24% Zezt TAES VIEoE A OPS’;‘E} A 78578] 7)<l EH?'?PO# A7 el et
A7 gRo] olfo] oy AAl A= 7 SRR F 120709 JHE B e R 2APE S35 3o
A&/gell BAE 7Hol thste] B9 F2E& Foto] B 77 A9 7 7R E 7R A
A FA ErE okt Z4E A7 il tisto] WA Z/‘}— SR A A9 2= =
< gketstr] S8t 7}1“1 A7 37] gL @—’F 14 e sAsn 223 7193 e VL
ZHE A ZAb skt 737l TJHW% ZAF AR 309
e st At 3] 2L AL R ™, 7E
27 = i/‘]% AYspgict. Ao s FHEC] W A gol7] wfEe] ZE =
Eri ZAREE & o5 EA3 stk & dAFellME o] Jhedl A
DOU, DOM -+ vk29] Ho[EE ©]§3te] 242 Wit
Figure 3.1 #z = 2418 DOU, DOM F A ] 7t 77e] 7p79 40 Rz e 2
oity. 7k & I B AAE 19 7HlA BAlE 1591 7H7bA] S99 5
7F 67 T F 17HR 7P W2 RS Holw Zhrde] 19l ZHERE 99 ZH7RA] oA
E T #E2E Holtpr 107 ol BF w4 gt ol¢t A 8% I92 VR
WY Aol ol ti 225 vehdnh 47709 TreldE 199 ke DASHA] ekgten 1
vk Bx17} WAl Et AL 8k 7oA 6] Bz} wAle A0 L Eajaic.
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Figure 3.1 Distribution of the number of households (left panel) and the number of disease
in each household (right panel)
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Table 3.1 Conditional probability of each household in DOU&DOM region
Region X0+ Yo Number of household Conditional Probability
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Table 3.1¢] #ZH HoHERE 27 AHY AT F
I(0) = 61°]t}. Eisenberg 5 (2012) A7l Sshd F&|gol a9 =
7+ 3904 10 HEE B 5 glon oo 7 #E JET 3¢S A8
L0332 stk A (B)ERE AMEE 2EEE A = 0040tk o)A Fold GHES 4]
(1.1)9] 2o J5jod SIR 23S F5E 4 Ao,

o} Figure 3.2+ COPASI (Hoops 5, 2006; Mendes 5, 2009; Schaber, 2012) 2135 o] &3}

SIR 2388 7=3} Aot} COPASI‘— Az HEYT B3y} Ay S B3] nojady) BA

A3t gz EYojolt). Au]E Aoy Gillespie &38| (Gillespie, 1977)° 719 E-E3

o
KR
TS £ 4 9l e IWo|t). Figure 3.2004 AAo® BAY REL A ATS Ve
Wi Adeg AY RELS 77 g Uehith I Alolo] F& HAHo® FAY REL 5|EFS
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Figure 3.2 Graph of SIR model
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B AN 488 2oy ALY edl sl Feleh HolHE o] 8% Aotk £A4 A
7 wgel Aol s Asts e A ® w ohet A% B0 A Qe 5ol £ Aol
S B AYEL A8 B el /120 9 el SR Ao} P Ao

eh el B HAS PESHE olAl A5 29 AR AR gdE Az 4ol
WA 5 otk PF ATE Toje] ool B4 8US A MAT 2 B v s FEE S B
2> 912 Aot}
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Abstract

SIR model (Kermack and McKendrik, 1927) is one of the most popular method to
explain the spread of disease, In order to construct SIR model, we need to estimate
transition rate parameter and recovery rate parameter. If we don’t have any informa-
tion of the two rate parameters, we should estimate using observed whole trajectory of
pandemic of disease. Thus, with restricted observed data, we can’t estimate rate pa-
rameters. In this research, we introduced Reed-Frost model (Andersson and Britton,
2000) to calculate the probability of infection in the early stage of pandemic with the
restriction of data. When we have an initial number of susceptible and infected, and a
final number of infected, we can apply Reed - Frost model and we can get the proba-
bility of infection. We applied the Reed - Frost model to the Vibrio cholerae pandemic
data from Republic of the Cameroon and calculated the probability of infection at the
early stage. We also construct SIR model using the result of Reed - Frost model.
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