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Stoll(1947)°1 kst HRAERBE BRiREHE ©
14,8008 %o 2 #E}Z o] Tl A HRBEREE ©
1,800 A2 o ARG WMITHEE BEBT 5 %
Aviet s £¥ete] hE, HAE, izt 2 Fedd R/
[Rated Sfigd etz .

ks 2 vetda & hES At ALK
o vt 2 Kk (Paragonimus) 2 BB 8k (Metagoni-
mus) ¥ W&l ZAKEME 3 T 5 Az

®E(1969) 2 #HA BRERR KEHES F3ld
BHEES BT 2B RS HITHR &Ew
22 UeE Wiz 2 BYRFLE 2ERY W 4.7%7F
Aotz H§}ER v b =58 d2] HREELEED 9
o] mEe HAL §F §WL, B, B, FWUL 3
WWILY HIRER RS HT R+& |mEIA
32, #1974 X B KL EH2 o4
2] R SREEE ¥ 300 AU Aol g HEI?A .

Tk g#e] W f7EE (Intensity of endemicity) & HIE
e o s HeumiHt R YRy AR
EBSV, AEE—FHEEEY AduE € BEH B
T e FhMBEESY M o R B
R, FAEEEY Jd8 ERES HAemeE d34
A FHE ok gt

ABRGe RRete HEe® SBEE = 2
g To] BEis: #IFE(E.P.G.=Eggs per Gram
of Feces)d Fiaf R HhRESS Atz & EHIH
o] X2 FA=HE 4Aclrt

Kang(1972) & sk AH RRPEBES WEf= H
oz BIMBENES ZHE 52 (Cumulative percent)
Z sz BFERHTER.E REAT T Aoz #
&% ot Sl

Muench(1959) & 4 FH EB o= 47 & catalytic
processd] BAfRE HF mEMEd FHAA o8 =
Wg 2AT v A5 F F@A BREZEE B

T B B-F & A

(Force of infection) s} #§4:71(Loss of positivity)g it
Helx oA oz iy REPLENAN HFY BEBESN
BHEEES St FHikelwh olv] g8 WEEEC
catalytic model®] Z¥EHE ET v 9=} (Hayashi,
1962; Hairston, 1965, 1968; Kim, 1969; Sturrock, 19
73; Seo, 1978).

olol FHt vl A kS b BES i
frablfiez 48 BERE BHRILMRERS Hio
2 3o, R A FPRSBES EEEE ¥ w8
BE)L FHislsl 1%t catalytic modeld] BEA A
ob&al, Kim(1974)9 Bt 2 I#fy B %&
#(1964), Kim(1974)9] &HlE sIHetS o o#et
A et

i, H% U Catalytic Model2] B

WHIL Akl LBEY BHMEE &% T2 Ak
H g xlE deBEERY T &Y BN £
HE BHBEARS £FER2 A949 B 18655 #HH
o2 EERES B

EFEHESHEez A=Y EFEHES Formalin
Ether ##:< BrAsIATT.

Catalytic modeld] BRAA 7= HkY <itez &
# WBAERY ks SIEEEE FH THER
et et

s miTwided A —EEEt 2R H
o REEEMEo] gl REHYJel fERSE FFR#EERC]l KR
o =g —B RRE Asd —ERRE Kl RYP
o] A A& m#dd KERE Two stage ca-
talytic modele] FEA= «}.

5 y=z—z (1

A7 A z5 BE FRERCNA FTREd ks dd
B, v BEESY ey —EHEkd ikez
AL Wl y= BE FRAY Bike 2= foh

x4 22 Bk HEFES £ «(REDE b(B%
N2z st ol 5 #Erl AR —EHEMTS 5
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ikl
dz/dt=a(l—z) =& z=]—e¢ @)
dz/dt=b(z—2z) =t dz/dt=by 3
B3R ()REY dy/dt=dz/dt—dz/dt 4)

AR (2), Q)d A dy/dt=a(l—x)—b(z—2)
oA AR (2), ) A dy/dt=ae™*'—by (5)
BRRHS HERS EAAR

AR B)2EH y=——& ettt 6)
(b—a)
714 y=0, :=09" HH 7} =+
y= bfa (emat—g™0¥) D]
AR (MDA arbd=
y= aib (e-bt_e—at) (8)

a=tjl B¢ AK B EFH y=ate'E FKFH

& WHRe FFuaRie] FRismzye Bl
H a 4 X Muench® nomograph kol o A slgicl.
o] g oh-ge F—iuRel A BE" K Kim, 1974)3
B Rl e ERdbE —8 ER(E, 1964)
2 BiLe] frER SEE (Kim, 1974) FRES &R
Z irsrd ZEMBMS FRSESY BREE 3 &
By MEVSS HESA

B R

A WAMBER 4864 ik MRS 273
£4(56.2%)° vk, FHp, tEPIRS] MRS Table
1o} #oRstgot

% 0~98%, 27.6%, 10~198%, 49.6%, 20~29%%
59.3%, 30~39%, 62.3%, 40~498%, 84.1%, 50~59%%,
75.0% % 60~69%K, 76.0% Z vtebv} dffol Bkl
et BRARE Histd Emete M3%E 29et 50
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Table 2. Comparative data of the age prevalence
rates of clonorchiasis in the areas of Nzk-Dong
and Han River

Kim-hae Goon N.Kyong- Ko-yang

Age —  ~—  sangDo _Goon

(years) Present Kim Shin Kim
study  (1974) (1964) (1974)

0~ 4 } 27.6 18.9 3.6 0.0

5~ 9 61.7 11.9 3.4
10~14 } 49.6 53.8 18.4 11.1
15~19 63.2 27.3 40.0
20~29 59.3 8l.1 34.8 26.6
30~39 62.3 91.0 46.7 38.6
40~49 84.1 90.6 50.3 30.3
50~59 75.0 79.6 48.8 31.7
60~69 76.0 77.3 45.2 20.8
Total 56.2 61.2 27.7 15.2

WL L FREEC A = &RV E BiEE 2tk
10~198% EERel A 2E PR R{INE 2o ort 40
~40E ROl A B REAEE el sich o] gy ¥
HIRRREL BF(58.0%), XTF(54.3%)5 RLgzapel
HatEme HES 2RE AU (EEKXE «=0.05,
z-score, 0.82).

g o] kS FAEWESAT Kim(1974) 5] Eistol
Al BIPBMEER S 61.2% 2 WESIT  30~305BEol A
BEBREOL0%)°] ved RE Btz FHE
B A9 #2439 o (Table 2).

Ry BRERe] e EEdrlE — it il
ES FHE BRE RS R 27.7%, 15.2
%% 2P o SHWMEREC Hetd ZMfako
Sl e 10~ 198REC) A EEE RgaRne o 2o

Table 1. Age and sex distribution of C. sinensis infection in surveyed population (present study’

Age No. of examined cases

No. of egg-positive cases

(vears) Male Female Total Male(%) Female(%) Total{%)
0~ 9 59 46 105 13 (22.0) 16 (34.8) 25 (27.6)
10~19 57 60 117 30 (52.6) 28 (46.7) 58 (49.6)
20~29 33 26 59 24 (72.7) 11 (42.3) 35 (59.3)
30~39 34 35 69 22 (64.7) 21 (60.0) 43 (62.3)
40~49 29 34 63 27 (93.1) 26 (76.5) 53 (84.1)
50~59 21 27 48 17 (8L.O) 19 (70.4 36 (75.0)
60~69 ) 10 15 25 8 (80.0) 11 (73.3) 19 (76.0)
Total 243 243 486 141 (58.0) 132 (54.3) 273 (56.2)
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Table 3. Application of the two stage catalytic model for the age prevalence of Clonorchis infection
in Kim-hae Goon (1976) by present survey

Age t y A tA et e°f —&_(ett—emot)
a-b
0~ 9 0. 2762 2.762 13.8100 0.9704 0.7749 0.2215
10~19 15 0.4957 4.957 74. 3550 0.9139 0. 4653 0. 5080
20~29 25 0. 5932 5.932 148. 3000 0.8607 0.2794 0. 6586
30~39 35 0.6232 6.232 218. 1200 0. 8106 0.1678 0.7283
40~49 45 0.8413 8.413 378. 5850 0.7634 0. 1008 0. 7507
50~59 55 0.7500 7.500 412. 5000 0.7189 0. 0605 0.7460
60~69 65 0.7600 7.600 494. 0000 0.6771 0. 0363 0.7260
t: Value of center point each age band (years)
y: Fraction having positive histories by age
A: Area; “y” times width of age band (years)
tA: “t” multiplied “A”
>3tA=1739. 67 3SA’=43.396/0.70=61.99 a’=0.036/0. 70
2 A=43.396 #'=40.09/0.70=57.27 a=0. 051
£=40.09 a ~1.133 & =0.0045/0. 70
a—b % 5=0.06

Table 4. Application of the two stage catalytic model for the age prevalence of Clonorchis infection

in Kim-hae Goon (Kim, 1974)

Age t y A

tA e bt et

a (e7bt—gat)

a-b
0~ 4 2.5 0.1887 0. 944 2.3600 0. 9900 0. 8001 0. 1988
5~ 9 7.5 0.6171 3.086 23.1450 0. 0704 0.5127 0.4792
10~14 12.5 0.5379 2.690 33. 6250 0.9511 0.3287 0.6518
15~19 17.5 0. 6324 3.162 55. 3350 0. 9324 0.2107 0.7555
20~29 25 0.8111 8.111 202.7750 0.9048 0.1081 0.8341
30~39 35 0.9100 9.100 318. 5000 0. 8694 0.0444 0.8638
40~49 45 0. 9059 9.059 407. 6550 0. 8353 0.0182 0. 8555
50~59 55 0.7963 7.963 437. 9650 0. 8025 0. 0075 0.8324
60~69 65 0.7727 7.727 502. 2550 0.7711 0. 0031 0. 8041
>tA=1983. 6150 TA'=74.06 a’=0.062/0.70 a=(. 089
> A=51.842 t'=54. 661 & =0.0035/0.70 5=0. 005
§=38.263 a1 047
a—b
SRS Hinst A Rk E Este F4AF 23l 8 WL 0.00602 145 gk 1,000 64

EE R B ES Muench®] nomograph Lol ER A A
two stage catalyticBhiff®] parameters] azk (%777
b7 (BTN & FHESIA

DWE A ek e 0.0512 e o] FMiRS
Bpohez #opdch Bged 1EF gl 1, 0008
5140 AZ& FEs AGtEs 42 Aoz HE
=9 et

o] FHRAIEMEE A LE Bz HWAE Aoz #
#= gl ol (Table 3).

wetA & FEHIK A8 two stage catalyticphi®
£ y=1,133(e7000t 0051 = FHFE . " FH
—iiRS EHEe =3 Kim(1974)9 BEEE: SWE #
B oa, b e £% 0.089, 0.0042 ety & FER
ol ke 479 ERS g AY ¥ EFd e
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Table 5. Application of the two stage catalytic model for the age prevalence of Clonorchis infection

in North Kyong-sang Do (Shin, 1964)

Age ¢ y A tA P ot _a (e~bt—¢ot)
a—b
0~ 4 2.5 0.0359 0. 1795 0. 4488 0.9753 0.9435 0. 05663
5~ 9 7.5 0.1189 0.5945 4. 4588 0.9275 0. 8409 0.1532
10~14 12.5 0.1841 0. 9205 11. 5063 0. 8825 0.7498 0.2347
156~19 17.5 0.2729 1. 3645 23.8788 0. 8392 0. 6683 0.3023
20~29 25 0. 3475 3. 4750 86. 8750 0.7787 0. 5625 0.3825
30~39 35 0.4671 4.6710 163. 4850 0.7046 0. 4471 0. 4535
40~49 45 0. 5026 5. 0260 226.1700 0. 6376 0. 3552 0. 4966
50~59 55 0. 4879 4.8790 268. 3450 0.5769 0. 2822 0. 4810
60~69 65 0. 4522 4. 5220 293. 9300 0. 5220 0.2242 0. 4518
tA=1079.10 IA’=36. 61 4’=0.016/0.70 a=0.023
TA=25.63 #'=60. 14 4"=0.007/0.70 6=0.010
i=42.10 a

a—b

=1.769

Table 6. Application of the two stage catalytic model for the age prevalence of Clonorchis infection

in Ko-Yang Goon (Kim, 1974)

Age ¢ y A tA emet embt Z_——‘_z—a(e'“‘-—e'“)
0~ 4 2.5 0 0 0 0 0 0
5~ 9 7.5 0.0343 0.1715 1. 2863 0. 8607 0. 8167 0.1257
10~14 12.5 0.1111 0. 5555 6.9438 0.7788 0.7136 0. 1863
15~19 17.5 0. 4000 2.0000 35. 0000 0. 7047 0. 6234 0. 2323

20~29 25 0. 2660 2. 6600 69. 5000 0. 6065 0. 5002 0.2780
30~39 35 0. 3864 3.8640 135. 2400 0. 4966 0. 3887 0. 3083
40~49 45 0. 3030 3.0300 136. 3500 0. 4066 0. 2967 0. 3140
50~59 55 0. 3167 3.1670 174. 1850 0. 3329 0. 2265 0. 3040
60~69 65 0. 2083 2.0830 135. 3950 0.2725 0.1729 0. 2846
>tA=690. 9001 TA’=25.04 a’=0.014/0.70 a=0. 020
SA=17.531 #=56.30 b =0.019/0.70 b=0. 027
£=39.41 b_:z_a_.;z. 857
RS h(Table 4).
Wiy FFRSRSEC] 2 Bl —& s 2 =& * .

B EEE ERAAE o 32 0.023, 0.020, & g2
0.010, 0.027=24 Catalytici#fe y=1.796 (¢™0010f—
£0081) 6l y=9 857(¢ 000 002 = imu] o) o)
(Table 5,6).

ol & Ml A FE4HIRRES] Histogram» o] =4
B &R two stage catalytictii@& —HKAAW u
2 Fagd ek (Fig. 1, 2).

ABEFRAA FEARY BRBESN FESES
Higsle oz mERN WMERHEE o9 - hEsied
catalytic modele] @A= ] $tet.

Kim(1969) ¥ Seo(1978)%¢ =7 [k Bk
R XAREBMNES HE o2 3o Muenchs o

2] 2ol 2 Simple catalytic curve(y=1—e")% =
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5101520 30 40 50 60 7O
Fig. 1. Age prevalence rates and fitted to the two
stage catalytic curves of Clonorchis infection in
Kim-hae Goon.
I Present study, B (Kim, 1974)

dted R A Z vh. 3% Hairston(1965) & = & =4k
SRRy E ¥ o 2 Hayashi(1962) ¢} Hairston(1968)
< I FEMRRS FREEES Fa5ERES Two
stage catalyticpiff-¢ FAAA . KT Seo(1978) =
EXHRA FRBEE] £22¢ AE, oWtz 8@
BES o228 == Catalyticih#EfEdl A& =
RE ARY BEEBESH, BEARS) mdA 3
A& d gl

Muench®] %ol A #5E3 v, H4ERKIEE 2=
ELEE) FEEA RZo] Az, o & HEMAA
RE HEDol A= ddFA ez kIO E AL
AA = 81 FFEEApRA A RS EHEEES

I y=1.769(e 900t ¢

30.023"

Prevalence rate (%)

i 7 y=2.857 (e700201. g-0.0271 :

5101520 30 40 50 60 70'Ave wroup)

Fig. 2. Age prevalence rates and fitted to the two
stage catalytic curves of Clonorchis infection in
N. Kyong-sang Do, III (Shin, 1964) and Koyang.
Goon, IV (Kim, 1974).

two stage catalytic modelsl] 2= gt}

AZEkLe} Kimol A 28 fE3 &8 A& cataly-
ticpiiig o) BAMRRHEL 2l 10~19% 8 4 S
B 2oltirt 30~50aE e A RERLEL 2
%O EHFAA ] BHRRPEL ETHE EHL
et

23] 10~19pKHEel A &t RHEY Wz o %
ESER] EBMCl 2 FFRSES] ERPEY HkA
2 EAY Berl whol W3 4% (Transmissibility)
o] {ERE 2 30~50E8El A olxl HEF ol wHE
ARl A RERBRES HJepiAqt v A §F
SRl Hkake B B o2 ERToE R
Hito] KTH e Aoz A"

30~505% LIRTS] F4EdlA & BYE el @i et
MetAl (RS 2 LItk FoBdA s KEE wEh
o] RYuivch WA fERYE AeE: AZ4E

BinbE — iR ke #ifagse &
Rl hwrd = 53 EHEIC EREAY FEE SB
e AL bgho) agkre A& I £IEEo]
T EREE S Hole K, SBEe RiT
¥HEE Jelhvte Aoz B AvH(Table 7

Table 7. Comparative data of the two stage catalytic curves to the age prevalence of clonorchiasis

in the various areas

Prevalence . a-value b-value

Areas rate Catalytic curve (1,000 (1, 000)
Nak-dong River Present study 56.2 y=1.133 (g70"008 —=0-051¢) 51 6
Nak-dong River Kim (1974) 61.2 y=1.047 (e70005¢— 00801} 89 5
N. Kyong-sang Do Shin (1964) 27.7 y=1.769 (g 0'010f— g=0-023¢) 23 10
Han-River Kim (1974) 15.2 y=2.857 (707020t _~0-021) 20 27
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Guzgo] RYu T WENE REANE AL A4 £
4 PR EIREHEE S9Tsts FEo R catalytic
model & FAsE 2o HRMERS BREsied 43
3 g e oo A4

B W

k& BE miTHme 33 BEEE SER
— iRl A o PR ITe BReES ERgEe
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<A GrErak et

Rl Bbyst BILmRERS] Rl HEk
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(1974)2 FHE#flA 61.2% 2 LK FRAA
15.2%%, B1(1964)& BILES o8 miRAA 27.7
%% 2o &WAA Hdtd o2 B HEY S
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#o E Catalytic model(Muench, 1959) & FH A A o).
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ELHEREZSY ok ERID ) b3k (HEIDE A
Abshod ot
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el £ y=2.857 (¢7000—o 0 2 o] & iR H
HES T AR g 7 AT

ol FHRE B o, b3e EXNE ST BRE 10~19
ol A= e BB Z 2=l B REHEo
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= Abstract=

A Mathematical Approach to the Mode of Transmission of Clonorchiasis
in the inhabitants of Nak-dong and Han River Basin

Ki-Won Song, Shin-Yong Kang and Soon-Hyung Lee
Department of Parasitology College of Medicine, Chung-Ang University

To understand the mode of transmission in clonorchiasis, a survey was made in Kim-hae Goon,
South Kyong-sang Do (=Province). The mathematical analysis of the age prevalence was done on
the egg positive rates. And another analysis for the comparison was also made to the cited data
from two areas, North Kyong-sang Do and Ko-yang Goon, Kyong-gi Do.

Some catalytic models of H. Muench (1959) were applied to the observed age prevalence. Because
the both parameters, such as force of infection(az) and loss of positivity(d) were considered to be
constant for a long period in the surveyed area, the two stage catalytic model by Muench was.
chosen to the analysis.

In the surveyed area, Kim-hae Goon where the egg positive rates were 56.29% and 61.2%.
(by Kim, 1974), the constant values of ‘a’ were found to be 0.051 and 0.089 respectively. In other
words, the force of infection was 51, 89 per 1,000 susceptibles. The values of ‘4’ were found to.
be 0.006 and 0.005. This means that the rates of disappearance from egg positive cases to
negative were 6 and 5 per annum per 1,000 positive cases in above area. Therefore, the two.
catalytic curves were expressed by the following equations,

y=1.133 (g 0008 g=0-0511) apnd
y=1,047 (e70'%05t— ¢~0-089t) respectively.

In the cases of North Kyong-sang Do and Ko-yang Goon, Kyong-gi Do where the egg positive
rates of clonorchiasis shown as 27.7% and 15.2% by Shin (1964) and Kim (1974), the curves:.
were expressed by

y= l. 769 <e—0-010t ___e—0-0342> and
y=2.857 (e70-020t—=0-027) respectively.

From the above mathematical analyses by age prevalence in clonorchiasis, it was considered that.
the mode of transmission of clonorchiasis in the surveyed area, Kim-hae Goon presented more rapid.
pattern than those of North Kyong-sang Do and Ko-yang Goon, Kyong-gi Do.



