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Two-stage Sampling for Estimation of Prevalence of Bovine Tuberculosis

Son-I1 Pak’

College of Veterinary Medicine and Institute of Veterinary Science, Kangwon National University, Chuncheon 200-701, Korea

Abstract : For a national survey in which wide geographic region or an entire country is targeted, multi-stage sampling
approach is widely used to overcome the problem of simple random sampling, to consider both herd- and animal-
level factors associated with disease occurrence, and to adjust clustering effect of disease in the population in the
calculation of sample size. The aim of this study was to establish sample size for estimating bovine tuberculosis (TB)

in Korea using stratified two-stage sampling design.

The sample size was determined by taking into account the possible

clustering of TB-infected animals on individual herds to increase the reliability of survey results. In this study, the
country was stratified into nine provinces (administrative unit) and herd, the primary sampling unit, was considered
as a cluster. For all analyses, design effect of 2, between-cluster prevalence of 50% to yield maximum sample size,
and mean herd size of 65 were assumed due to lack of information available. Using a two-stage sampling scheme,
the number of cattle sampled per herd was 65 cattle, regardless of confidence level, prevalence, and mean herd size
examined. Number of clusters to be sampled at a 95% level of confidence was estimated to be 296, 74, 33, 19, 12,
and 9 for desired precision of 0.01, 0.02, 0.03, 0.04, 0.05, and 0.06, respectively. Therefore, the total sample size
with a 95% confidence level was 172,872, 43,218, 19,224, 10,818, 6,930, and 4,806 for desired precision ranging
from 0.01 to 0.06. The sample size was increased with desired precision and design effect. In a situation where the
number of cattle sampled per herd is fixed ranging from 5 to 40 with a 5-head interval, total sample size with a
95% confidence level was estimated to be 6,480, 10,080, 13,770, 17,280, 20.925, 24,570, 28,350, and 31,680,
respectively. The percent increase in total sample size resulting from the use of intra-cluster correlation coefficient
of 0.3 was 22.2, 32.1, 36.3, 39.6, 41.9, 42.9, 42,2, and 44.3%, respectively in comparison to the use of coefficient of 0.2.

Key words : sample size, bovine tuberculosis, two-stage sampling, clustering.

M B Ao E xHsle] AIAg P BRAE Wl dA Qe o}

2} FHFE INHARE purified protein derivatives (PPD)

Mycobacterium bovis®ll °|t 2ANE L o EES I kel S ARER A7 xS Fate] ol g AR
S Ot Lfis8 555 UORE ohe TARAdEYo AL AAHA 163’6‘}1 Ao B HAPoZ o3
2 715004 ZAAA SARTE ol QT EEROR F8 S Qlnt FEFRETOIME 20099 A8 W
SITHS,12,13). AEE FES 45, B, Bl =5 53} A RS AES AEY EHE AR 14 olde] 2
of HYAE miEsh, Al 79E sEC] wiEshks e A AEFe 14 ]}6 1 g 2 S99 e R a7 Ha
AE S BEAA oo2E5S FUsAY HAA 400 L0007 (3H- 2 S 300,000F 2 )oﬂ tiate] HZIA
e FEs AAToEN o] AHEThB,16). E3 A3 < AFstaL Ark(1). 243 WA < (animal-level)S]
Ao g ZHdE LM A AR At SHE 24 %té% 59 @92 FESte] B oo 1991-1995&1 0.06%
o] $oX A&How SAHEY F3 Aup|How o (n=1,426,339), 1996-20002 0.13% (n=1,909,569), 2001-
HA ATk, vt e A9EE A% HAE7EA 20051 0.21% (n=2,140,000), 2006 0.16% (n=420,000)

!Corresponding author.
E-mail : paksi@kangwon.ac.kr

2 20004 o] I Ao A 798 2% o]atE
FAEM ), A7), 9, A, D2 5 AFAGAA 2

b gEeR B $ROR WS Yk

422



el oot S GRS 4] s
slste] geietelE Yot AR Fal] S &
Ashge] $3ES Wual A ANFRERA Y} 5
Astdos §ad wes AYR Aol okt AAFS
2 A W BEFEUN, A4E, 2400 AU, 7Y
FUE 5L Tele W A% 2AE UE A
Holg 4 gle Wwak offel S AT AL S

=%

Q= EA7F Y} wEA] 241 BRS 9E 4 9=
A og f73 BTEIAVE AXkslE Aol w9 Fa5m
A&e 71229 guolelo] FREZWE 2AWES T
Hole] FHao] Hlgom AKQle Hals deles Algshe
2ol 7P oldAoltt. R %2217 At FasAl AL

Hafloket Al mxiThol|lA AwakAel 32k (clustering
effect)°]th(3,9,10). Fgas= FUe ol &3 MAE o
E =] Al Hlste] Al 13z #dol e B
A=, ZAA, 8742 9 AN § 9 54E F
Fot7] well Aol tig AEgEe] He ellMde fA
SERIRE ot ol ARt Aol7t lvke 2e efngitt. o]
© 54 o] Zdwrelzbd g et el sk A

A P Fe 84 3HY P50l e &

B o oF (% off I

o
A
[
fu)
i
ol
i,
H
rE
R
il
)
A
o
off
ol
S
fris
o
"
i3
(2 o

Ul
)
)
>
33

*1 Vé sh= 47‘?4 7F =94 (in dependence}"—
735 T Jta s e de
23@57]' J’}Eﬂ?ﬁé o] fFHE FAA FFS Rt
7 Rl ZARIA S AHTE
TeollA F5go] opep A7 A
‘)ri]ﬂ] 345\-337}517] el FEAVE AR o Ak
Ao gt 240 A7l 2719 2 W AR
Ao mEt tEr &3 Fg 141 /‘“474] -r(lntracluster
correlation coefficient)s ©]-&3le] AR S7HA71& W
AREEEH(10). DA Hw e o 5Us @%E
E 2] YEiME JAEEES o83 A o] B
FEAVNE Ho 2 s HHFECA ol FEre] &4
S design effectz}al $HCH3). Otte®} Gumm (14)2 ThFsh
7FEA o) sl design effects #2413+ 23S B3
1;]_' oﬂtﬂ-x—] E/ﬂ__i i EH(Z) -;'LlH /\7:16111:& 0 01 ;(]Odoﬂ
/\1 gzé )\]7]011 z]ZXJ Ko F Hl—/\go %—“] _,4:,7- Lﬂoﬂ/\i 7Lod
E57t =g]7] wiel] 9 i A& HlwA W S
Hol=d] o]gjat e 7129 Awb4,15.21)9F FARBIE w
2 2 dAve fJEadE a8 oAEEFE (two-
stage sampling)>-2 A4 o] FHE F4o] Zad &
715 AN 2N 200909% AR AT HEAAS

e Ry
rﬂ:
_C(L
=
e
O
3

249 FHE 74 423

= 7], 79, 2E Z2g AR A AR
A 2 AF 5 1] F(stratum) O =
= gy st ZAde] fgale] &EO]'}” v‘i'w_fﬂqf’—
7P%tct. & HEA7] n, design effect D, ZF FolA
FHEh) & ek, JEe CE}_TL Ely W @é}—’l‘—ﬁ oA
HE(p=1-q) 9ol gt

E = /1%, [n = ke )

— 1+ (k-1)p @

710N p= e W AR 2439 po} Dol tidt
JE7}F =<l —Er"%‘ﬂ B gl7] dizel & AFelMe

T 4Fse] fHEo] AR oA AthHoR =t
M 7Rkl p=02, D=2, D=3% 7HH3le] BRIAES
H] 33T}

237

FEIA7 e At A G ARERE 747 Albehes
AR 1 ST Fe g B ARSEE 1
sk ARSI 200 sty Heg Akl

3 1 F WellM e & BEL (e SIS
EHoZ ALkd mEA7|Y de51gn effect (D)E &3l Al
S & SerARIFEOA 7Y FHEEEH A

Akt 414

O
?é
°
)

+(d), ﬂiﬁ%—oﬂ ZA k] thes} 7ho]

Tos s 2439 9 1 F8E ARV 7] vl
o] x2S ARYeE] fAste] 50%E A8kt
2
n=12529p [g=1-p] 3)
et i s 223 fE] vilg drke 3
< st Hojm 17 PANAIE HEse FrE
Cannon?} Roe (7)2] ¥2]o2 AAIATh A4k 9lale] &

BolA Ao 1579 4 MAE Zé% 3E o (95%), B
©337] N (20094 32 71E ) ZA ARSAE 655, A
g 2 ), 2ollA A= WA 71T d (pN), =W
Y §HES A o FHER 0.1-04%2] WS

Haso] kS 2T T e mho2 AN
=-(-)""IN=-(d-1)/2] )

nRjgte 2 FHE A Fedk & YRIU|E weiE
fFEHoR ALtd 59 F B2 o 39 NSFE F

shol Axrshgct.

—_—



424 PSS

4% 2 A% T AEFEFE ske AL S Ha A
S57e] Bt $wA7IE I B0 20099 39 VIS
2 BAA AR s 2AE 6,763 7N F 437,858
T ARSI Qi) o] AFROA Wit $AE 65FFH A
6'F, A 9372 TAPWE-S fsto] HE 7 ATt

s 24T 5402 AR & 9de et & <
TFoME g T AUFFDE 54077 57 AR 3

gote] doE wlwsialrth. daet FA 2P p=02¢9 kS
skl design effects 543 5 &4(1)y o183k =t
F (0OF AL FHE AR o3 F FEAV|E
A

334 13 BUsb AT,

—

2 I
A 1 JgadE yEe 3 F 32371 Fig (a,
by Zth D=2914 7IHAEEE 0.01-0.062-2 HSAIZ
W 95% AE|F<EolA 8FEE FEA]E 19,208, 4,802,
2,136, 1,202, 770, 53452 7|tAA U7} Z718PH HEA7]
T 37k Zo& Yt 9 Wl AdFre 32 @)el
o3 Bt 65%, FHEE 0.1-0.4%, AZFE 90-99%
o] T BF A FF(n=65F AAtEo], Ztﬂi Ak
dlof & = ZIUAEE 0.01-0.06 HLlolA ZH2E 296,
74, 33, 19, 12, N2 AXFEAtHFig 2a~b). W F &
HA7|= 95% AlZaeelld 7t = 0.01-0.06 91l oh
kel 172,872, 43,218, 19,224, 10,818, 6,930, 4,806F%

(@) 35,000 -
30,000 -

£

.E 25,000 —8—Conf=90%
= 20,000 —&—Conf=95%
E‘ ——Conf=99%
& 15,000 -

n

2

g 10000 -

]

w

5,000 -
0
0.01 0.02 0.03 0.04 0.05 0.06
Desired precision

(b) 60,000 -

g 50,000

= —8—Conf=90%
E 40,000 -

- —&—Conf=95%
E 30,000 - —@—Conf=99%
a

£ 20,000 -

£

)

“ 10,000 -

0

0.01 0.02 0.03 0.04 0.05 0.06

Desired precision

Fig 1. Sample size in each stratum (province) as a function of
desired precision in a survey for estimating bovine tuberculosis
by confidence level (90, 95, 99%), assuming a design effect of
2 (a) and 3 (b).
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Fig 2. Number of herds to be sampled by desired precision and
confidence level for a design effect of 2 (a) and 3 (b).
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level at within-herd prevalence of 0.15% for a design effect of 2
(a) and 3 (b).



OHAFESTZS o
(a) 4000 -
o 3500 -
2
2 3000 -
& 2,500 -
-8 v
o
= 2,000 1 —8—alpha=10%
e
2 1,500 - —&—alpha=5%
-
© 1,000 4 ——3lpha=1%
-]
Z 500 -
0
5 10 15 20 25 30 35 40
No. of cattle sampled per herd
(b) 100,000
90,000
£ 80,000 -
=
€ 70,000 -
=
- 60,000
2
© 50,000 1 —&8—3alpha=10%
-]
4 4
; 0.000 —&—alpha=5%
‘El 30,000
& 20000 ——alpha=1%
10,000 +
0 | G—g———————t—b
5 10 15 20 25 30 35 40
No. of cattle sampled per herd
(c) 900,000 -
800,000 -
700,000 -
o
-8 600,000 -
4 500,000 -
E =
8 400,000 - —8—a3alpha=10%
£ 300,000 - —&—alpha=5%
2
200,000 - ——alpha=1%
100,000 -
0 | Gr——————b

5 10 15 20 25 30 35 40

No. of cattle sampled per herd
Fig 4. The number of herds sampled (a), sample size per stratum
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to be sampled per herd and significance level of 1, 5, and 10%.
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