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Abstract : The primary goal of this study was to compute sample sizes required to achieve the each aim of a variety
of foot-and-mouth disease (FMD) surveillance programs, using a statistically valid technique that takes the following
factors into account: sensitivity (Se) and specificity (Sp) of diagnostic test system, desired minimum detectable pre-
valence, precision, population size, and desired power of the survey. In addition, sample sizes to detect FMD if the
disease is present and also as proof of freedom were computed. The current FMD active surveillance programs consist
of clinical, virological, and serological surveillance. For the 2012 serological surveillance, annual sample sizes (n=
265,065) are planned at four separate levels: statistical (n=60,884) and targeted (n= 115,232) at breeding pig farms
and slaughter house, in together with the detection of structural proteins (SP) antibodies against FMD (n = 88,949).
Overall, the sample size was not designed taking the specific aims of each surveillance stream into account. The sample
sizes for statistical surveillance, assuming stratified two-stage sampling technique, was based to detect at least one
FMD-infected case in the general population. The resulting sample size can be used to obtain evidence of freedom
from FMD infection, not for detecting animals that have antibodies against FMD virus non-structural proteins (NSP).
Additionally, sample sizes for targeted surveillance were not aimed for the population at risk, and also without con-
sideration of statistical point of view. To at least the author’s knowledge, sampling plan for targeted, breeding pig
farms and slaughter house is not necessary and need to be included in the part of statistical surveillance. Assuming
design prevalence of 10% in an infinite population, a total of 29 animals are required to detect at least one positive
with probability of 95%, using perfect diagnostic test system (Se = Sp =100%). A total of 57,211 animals needed to
be sampled to give 95% confidence of estimating SP prevalence of 80% at the individual animal-level with a precision
of + 5%, assuming 800 herds with an average 200 heads per farm, within-farm variance of 0.2, between-farm variance
of 0.05, cost ratio of 100:1 of farm against animals. Furthermore, 779,736 animals were required to demonstrate FMD
freedom, and the sample size can further be reduced depending on the parameters assumed.
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Table 1. The 2012 serological surveillance plan for foot-and-mouth disease (FMD) in Korea

NSP test

SP test

Statistical

Targeted

Breeder

Farm at high risk of being Further evidence on FMD

To investigate the protective

Purpose To maintain FMD free status infected with FMD free status immunity in yaccmated
populations
Sampling 2-stage stratified SRS SRS SRS
BHP: 1%
Parameter ~ WHP: cattle 10%, goat & pig - - -
20%, Confidence 99%
Sample size 60,884 83,016 32,216 88,949
Test system NSP ELISA NSP ELISA NSP ELISA Type O
Y SP ELISA

BHP = between-herd prevalence, WHP = within-herd prevalence, NSP = non-structural protein, SP = structural protein, SRS = simple

random sampling

Table 2. Sample sizes required to detect at least one FMD-
infected animals by confidence level and expected prevalence
(sensitivity = 100%)

wHpP  Confidence level Confidence level
%) 90%  95% 90% 95%  99%
230 299 459 30 7 9 13

WHP
999, (%)

114 149 228 35 6 7 11
5 45 59 90 40 5 6 10
10 22 29 44 45 4 6 8
15 15 19 29 50 4 5 7
20 11 14 21 55 3 4 6
25 9 11 17 60 3 4 6

WHP = within-herd prevalence
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Table 3. Sample sizes required to expected seroprevalence (P)
by confidence level and expected prevalence (precision = 10%)

Se = Sp=100% Se =90%, Sp =100%

P (%) Confidence level Confidence level
90%  95%  99%  90%  95%  99%
1 3 4 7 3 5 8
2 6 8 14 6 9 15
13 19 32 15 21 36

10 25 35 60 28 39 68
15 35 49 85 40 56 96
20 44 62 107 50 71 121
25 51 73 125 59 83 143
30 57 81 140 66 94 162
35 62 88 151 73 103 177
40 65 93 160 77 110 189

Se = sensitivity; Sp = specificity
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Table 4. Sample sizes required to detect expected seroprevalence of 80%, using two-stage prevalence study”

Sample size

Province No. of labs? - -
No. herds No. animals within herd Total
Kyonggi 5 77 x5 20x 5 1,540 x 5=7,700
Kangwon Central 77 20 1,540
Dongbu 77 21 1,617
Nambu 77 20 1,540
Chungbu 77 21 1,617
Pukbu 77 21 1,617
Sub-total 385 103 7,931
Chungbuk 4 77 x 4 20 x 4 1,540 x 4 = 6,160
Chungnam 6 77 x 6 20x 6 1,540 x 6 =9,240
Jeonbuk 5 77 x5 20x 5 1,540 x 5=17,700
Jeonnam 3 77 x 3 20x 3 1,540 x 3 =4,620
Kyongbuk 4 77 x 4 20 x 4 1,540 x 4 = 6,160
Kyongnam 4 77 x 4 20 x 4 1,540 x 4 =6,160
Jeju 1 77 20 1,540
Total 2,849 744 57,211

DAssumption: precision + 5%, confidence 95%, within-herd variance 0.2, between-herd variance 0.05, cost ratio of district-to-herd 100:1
PBranch represents veterinary service laboratory of each province

Table 5. Sample sizes for demonstrating freedom from foot-and-mouth disease

Average no. of animals

Sample size

Province No. of herds s
within herd No. herds No. animals within herd Total

Kyonggi 1,549 1,131 462 205 94,710
Kangwon 429 917 325 204 66,300
Chungbuk 533 1,169 375 209 78,375
Chungnam 1,807 1,412 467 208 97,136
Jeonbuk 1,197 1,116 455 206 93,730
Jeonnam 1,115 866 457 205 93,685
Kyongbuk 1,402 938 460 204 93,840
Kyongnam 1,171 1,082 460 206 94,760
Jeju 352 1,617 320 210 67,200
Total 9,555 3,781 1,857 779,736

Y Assumption: confidence 95%, BHP 2%, Type I & Type Il error 5%, HSe = HSp = 99%, Se 95%, Sp 99.5%, WHP 5%
BHP = between-herd prevalence, HSe = sensitivity at herd-level, HSp = specificity at herd-level, Se = sensitivity at animal-level, Sp=
specificity at animal-level, WHP = within-herd prevalence
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