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Comparison of Probability of Detecting Bluetongue in Quarantine Testing for the
Imported Cattle with Special Focus on the Sampling Scenario
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Abstract : In view of free from bluetongue (BT) in the domestic cattle population in Korea, the key of quarantine
testing for BT virus (BTV) infection is detection of cattle previously exposed to the virus. The objective of this study
was to estimate the probability of detecting a cattle infected with BTV using a stochastic modeling analysis of existing
quarantine testing data. Three testing scenarios were considered in this study: serological testing of all animals in all
imported lots (scenario 1), serological testing of a sample of cattle from all imported lots (scenario 2), and serological
testing of 50% of imported lots (scenario 3). In scenario 2 and 3, it was assumed that cattle were sampled (sample
size) within each lot to detect 5% of the cattle in each lot with a 95% confidence, taking into account diagnostic
sensitivity of the ELISA (enzyme-linked immunosorbent assay). The model output was the total number of BT V-infected
cattle and the prevalence of BTV infection in imported cattle from the US, Australia, Canada and Japan. Compared
to the scenario 1, the probability of detecting a BT V-infected cattle was estimated to be 19% and 1.6% in scenario
2 and 3, respectively. Furthermore, the analyses showed a 95% confidence that BTV prevalence was less or equal to
9.7 x 10™* (median = 1.5 x 107%), indicating that, for the scenario 2 and 3 with serological testing for a sample of cattle,
the risk of introducing an exotic strain of BTV into Korea through the importation of live cattle would not be acceptable.

Key words : quarantine testing, cattle, bluetongue, import risk analysis.
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Table 1. Number of cattle imported (no. of lots) to Korea during 1999-2009 by year and exporting country

Year USA Australia Canada Japan Total
1999 31 (4) 0 1 (1) 3 (D) 35 (6)
2000 16 (4) 0 2 (D) 3 (D) 21 (6)
2001 14 (5) 1,327 (4) 66 (5) 0 1,407 (14)
2002 11 (7) 563 (1) 17 (6) 0 591 (14)
2003 826 (12) 2,504 (6) 3 () 0 3,333 (20)
2004 0 1,693 (4) 0 0 1,693 (4)
2005 0 851 (2) 0 0 851 (2)
2006 2 (D) 2,540 (6) 32 0 2,545 (9)
2007 2(2) 0 4 (4) 0 6 (6)
2008 1 () 0 22 0 303)
2009 2 (1) 0 2 (1) 0 4 (2)
Total 905 (37) 9,478 (23) 100 (24) 6 (2) 10,489 (86)
Note: All cattle from US and Canada during 2006-2009 were imported for research purposes.
Table 2. Number of cattle (no. of lots) rejected due to test positive for bluetongue during 1999-2009
USA Australia
Year No. of cattle (lots) with No. tested No. of cattle (lots) with No. tested
test positive test positive
2003 3 (D) 25 1 (1) 288
5(1) 240
4 (1) 522
Total 12 (3) 787 1 (1) 288

Note: All cattle from Canada (n = 100) and Japan (n = 6) were negative for bluetongue.
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Table 3. Description of model inputs and outputs for detecting bluetongue (BT)

Variable Description Formula used with @Risk’
Se Test sensitivity RiskPert (90%,95%,99%)
(1) For USA, FN = RiskNegBin (12 + 1, Se); TP1 = RiskBeta (FN + 12 + 1,
Prev? Prevalence of BT in population of 917 — (FN + 12) + 1) (2) For Australia, FN = RiskNegBin (1 + 1, Se); TP2 =
an exporting country RiskBeta (FN+ 1+ 1, 9479 — (FN + 1) + 1) (3) For Canada (& Japan) (TP3).
Prev = RiskCumul({TP1:TP3}, {F(x1), F(x2), F(x3)})
LS Lot size RiskTriang (1,100,500)
For USA, RiskBeta (12+1, 917 — 12 + 1); n = total no. of tested animals
WLP Within-lot prevalence (905 + 12 =917), PA = no. of positive animals (12). For Australia, RiskBeta
(1+1,9479-1+1); n=9,478+1=9,479, PA=1.
For USA, RiskBeta (4 + 1, 40 — 3 + 1); n = total no. of tested lots (37 +3 =
BLP Between-lot prevalence 40), PL = no. of positive lots (4). For Australia, RiskBeta(l1 + 1,25 -1+ 1);
n=24+1=25 PL=1
Probability that an imported animal "
P would be infected with BT WLP*BLP
NIL No. of imported lots Fixed = 86
Testing all (scenario 1 =LS heads or 100% probability of being tested) or a
. sample (scenario 2 & 3 =SS heads or SS/LS probability of being tested) of
T No. of tested animals per lot importing animals. SS = no. of tested animals with a probability of detecting
infection if present in at least 5% of imported animals (see text)
NI No. of infected animals in the lot RiskBinomial (LS, Prev)
NIT No. of infected and tested animals Scenario 1 =NI; Scenario 2 = RiskHypergeo (T, NI, LS)
No. of positive animals in the L .
NPA infected and tested RiskBinomial (NIT, Se)
TNPA Total no. of BT-positive animals to Sum of infected animals obtained by simulation

be detected

'@Risk, version 4.5 (Palisade Corporation, NY, USA)

?Data from Japan were combined with that of Canada due to small sets of data. F(x) is the cumulative probability: F(x) = i/(n + 1), where i

is the rank of the observed prevalence and n is the number of countries.
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Total no. of infected cattle to
be imported:

¥ (infected animals = TNPA)

Fig 1. Schematic representation of model calculations.
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Fig 3. Cumulative probability of distribution for bluetongue
prevalence in imported cattle, as estimated data from USA,
Australia, Canada and Japan during 1999-2009.

Table 4. Summary statistics simulated for the total number of
cattle infected with bluetongue (BT) virus, using three different
scenarios (1999-2009)

Statistic  Scenario 1° Scenario 2 Scenario 3 Prevalence
of BT

Minimum 0 0 0 2.0x 10°®
Maximum 1,253 299 9 5.7 %107
Mean 122 29 2 1.3 %10
SD 146.2 35.0 1.3 6.1 x10°°
5% 1 0 0 22x10°
25% 5 1 1 73 x10°°
50% 64 15 2 1.5x107°
75% 207 49 2 3.1x107
95% 382 93 4 9.7x10™*

“Scenario 1 represents serological testing of all animals in all
imported lots, scenario 2 serological testing of a sample of animals
from all imported lots, and scenario 3 serological testing of 50% of
imported lots (see text).

¢

= A

12
o
B

£ FFHoIth22). ¥ ArMe T B S
7 Adste] G4 ARG dHo] FYFoRE
Y8S Hrlele 1854 (risk analysis) 71HS A
AAAr B FaE %7}3}"13} TAH R
o AL 7IEed wet EFE dE A
7Fs/3S BN ER FEHAL 71 AR
AR E S83at7] flste] =S
A} 7]dd e E78 AF 7FeAE vlwsh] §
sl 2 AFolde A BE FY lotE e =E A5
ArE AL 1) A, AL 1A e FRPRIE BE
Y lotE AAFEAIRE lot WolXls A5 ol o] A&
5%5 HESE AL 95% AT F A= £ dAF A

o 1o
o
fins

l

fr

5]
3t

e 0 oy
ok ok

N2 by ob oo r
(¢
i Y

T

-

Y

Uzl 2) AR, Y lot] 50%Z HARBIL lot W] HAL
e AUl 291 s (uelL 3) RS 7P

E}. BAAT Ao 1S BERE 78 A2 100% 7
. Agel e 29 39X Zhzt

Foe rroz MY W)

| W EF9 A4S o v 425

19%9} 1.6%5F AES & e Zoz vehdt) o]z
= HAHAL 7128 ASATIA @
H 27F SUE F9E Aol <F 4-60u)
ojmgict. fEjutteke] WS A=l oigh A9 U4

20L& A7PHE Ao|7t IAT FEEoE A5 o]d
o] ApFALe} HAAPIZE 9 HABIE AL it o]

A vzt 359 749 B ZlOﬂfﬂ
Al A 409 ol ARFE BEO Aol

13] ELISAZ A, 2Ai=]<efA] *Mfd TE Z!
A JIAL A 30 olu] HzAeL Hx HAK=E TEi 40
A o]F AYAY 717+ Fol| 23} AAE =R 45}
3L Ak FEFA L AR} gEe] ] Aol A
AFF AAE JﬁLo}— A AR v e S
< ARSHH AR EFgd 7dd vt §94 s
e wE Zlo® FAEL. EFY Ude 9 s
2O HellA FHSEHA BAE EFE uholg 7o

gl ET Ooﬂ
_.7].67— 2= 0]

_V&

<]

¢

WE] 2719 Culicoides®] £X, 8733 AAA Q21, 2450
o2& HlolE A FHFH By} WA FHo| 9= Ao

1 A
2 RVEROHE-112123) SeiERs BRE gele] 24
ol YR 77} itk He o]E [ukd gFr) 3 9
H

e Ad 1187 b=, 35, A, 98 5o =HE
10,0005 ©142] A$-of AHFES T3 kst =5
FRIIL B3] v FFIME EFHo] wAslL Q)
= A8 7018 o 23 B3] 194 dwe 259
o5 Aol tigk HAHA 71ES APEST Favt e A
o=z e, T3k 2 AolE ELISA A SA4%S
Q783 YA ELISA AAR=E ‘{17&_59} Eo|zrt 23
A Bslar, vlo] i* ATt e A AE A } 91

°m(29), 29 AL 79 T AEH 634714 wHlo|H 285
Holoax H"EM AAE ¢ e vloleire] SELF (E
E5E)EA AHANIIA %*é% HY = 910m(12,13,18),
H AellA CMT X B8 53E9] 95%= °F 0.1%
(9.7 x 10792 wi-%- 45 aEste] 7 AHE A
Zslele AARES 78 87

SEvets Egek AlAAQ XHL%LL@} FH= E579 vt
olFAE wishe B9 FRE tgsrIoEN EFE
el E¥2 e ¢ e ZoE HIH0|(3,8,20,28)
| A¥e] FUZ FYE 7Fede st E WERY 9
THeF B2, vlely s FHY A gt

ozttt olet tEo] AFEEx
PJEHH Ao S 1Y 7Fes %

i:o

O

nR
o of
lo,
N
o
oX
S o
o
il
_O‘L
£

w A7e & FUIt d-Esie] =l 74@‘2‘01]*1 ‘é el
« £ A 7FsAe AV Aveles 7Pgst



426

o] Hwaith AFrE AARRe Alve|eet Hlwd o
Yol Lo g FEAAE Aldshe A EF8 &
HE A5 HEY 7FeAo] AT e Aoz EAEGS
o, 79 &7t EFH AdE] Us gEY FH 95%=
9.7 x 104 & =1.5x 10°)2 FHEAUH AFsES =
et 7Sy Aol Wid FTlelal des Ak o &
3] e AW T A ool et AW
A7 o5 el tE AFAA} 7S THHCE HESH
< Zlo] upg st

FAINEIRE
2 AT 201085 sEFRERE] SAATA (Y
TEEAHY eIt At S el HdT

10.

L FYFAAAAIR. B

S Sk e Wata. 2009.
oY, A9 Y AEE HIQAERR Hrt 28§
o) g3 AA] 2010; 3: 1-4.

. Baylis M, Mellor PS. Bluetongue around the Mediterranean in

2001. Vet Rec 2001; 149: 659.

. Biteau-Coroller F, Gerbier G, Stark KD, Grillet C, Albina E,

Zientara S, Roger F. Performance evaluation of a competitive
ELISA test used for bluetongue antibody detection in France,
a recently infected area. Vet Microbiol 2006; 118: 57-66.

. Cannon RM, Roe RT. Livestock disease surveys: A field

manual for veterinarians. Australian Government Publishing
Service, Canberra, 1982.

. Domenech J, Lubroth J, Eddi C, Martin V, Roger F. Regional

and international approaches on prevention and control of
animal transboundary and emerging diseases. Ann N 'Y Acad
Sci 2006; 1081: 90-107.

. Gerry AC, Mullens BA, Maclachlan NJ, Mecham JO. Seasonal

transmission of bluetongue virus by Culicoides sonorensis
(Diptera: Ceratopogonidae) at a southern California dairy and
evaluation of vectorial capacity as a predictor of bluetongue
virus transmission. J Med Entomol 2001; 38: 197-209.

. Gibbs EP, Greiner EC. The epidemiology of bluetongue.

Comp Immunol Microbiol Infect Dis 1994; 17: 207-220.

. Hoar BR, Carpenter TE, Singer RS, Gardner IA. Probability

of introduction of exotic strains of bluetongue virus into the
US and into California through importation of infected cattle.
Prev Vet Med 2004; 66: 79-91.

MacLachlan NJ, Osburn BI. Impact of bluetongue virus
infection on the international movement and trade of
ruminants. J] Am Vet Med Assoc 2006; 228: 1346-1349.

. MacLachlan NJ, Zientara S, Stallknecht DE, Boone JD,

Goekjian VH, Sailleau C, Balasuriya UB. Phylogenetic com-
parison of the S10 genes of recent isolates of bluetongue virus
from the United States and French Martinique Island. Virus
Res 2007; 129: 236-240.

. MacLachlan NJ, Drew CP, Darpel KE, Worwa G. The

pathology and pathogenesis of bluetongue. J Comp Pathol

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

2009; 141: 1-16.

Mellor PS. Replication of arboviruses in insect vectors. J
Comp Pathol 2000; 123: 231-247.

OIE (World Organization for Animal Health). Handbook on
import risk analysis for animals and animal products. Volume
2: Quantitative risk assessment, OIE, Paris, 2004.

OIE (World Organization for Animal Health). Chapter 8.3.
Bluetongue. In: Terrestrial animal health code. OIE, Paris,
2009a.

OIE (World Organization for Animal Health). Chapter 2.1.3.
Bluetongue and epizootic haemorrhagic disease. In: Manual
of diagnostic tests and vaccines for terrestrial animals. OIE,
Paris, 2009b.

Portanti O, Luciani M, Ronchi GF. Rapid detection of
bluetongue virus in blood and organ samples using a capture
enzyme-linked immunosorbent assay. Vet Ital 2005; 41: 15-21.
Richards RG, MacLachlan NJ, Heidner HW, Fuller FIJ.
Comparison of virologic and serologic responses of lambs and
calves infected with bluetongue virus serotype 10. Vet
Microbiol 1988; 18: 233-242.

Rossiter PB, Al Hammadi N. Living with transboundary
animal diseases (TADs). Trop Anim Health Prod 2009; 41:
999-1004.

Sarto i Monteys V, Ventura D, Pagés N, Aranda C, Escosa R.
Expansion of Culicoides imicola, the main bluetongue virus
vector in Europe, into Catalonia, Spain. Vet Rec 2005; 156:
415-417.

Stott JL, Osburn BI, Bushnell R, Loomis EC, Squire KRE.
Epizootiological study of bluetongue virus infection in
California livestock: an overview. Prog Clin Biol Res 1985;
178: 571-582.

Sutmoller P, Olascoaga RC. The risks posed by the
importation of animals vaccinated against foot and mouth
disease and products derived from vaccinated animals: a
review. Rev Sci Tech 2003; 22: 823-835.

Tabachnick WJ. Culicoides and the global epidemiology of
bluetongue virus infection. Vet Ital 2004; 40: 203-207.
Vandenbussche F, Vanbinst T, Verheyden B, Van Dessel W,
Demeestere L, Houdart P, Bertels G, Praet N, Berkvens D,
Mintiens K, Goris N, De Clercq K. Evaluation of antibody-
ELISA and real-time RT-PCR for the diagnosis and profiling
of bluetongue virus serotype 8 during the epidemic in
Belgium in 2006. Vet Microbiol 2008; 129: 15-27.

Vose D. Risk analysis in relation to the importation and
exportation of animal products. Rev Sci Tech 1997; 16: 17-29.
Vose D. Risk analysis: A quantitative guide. 2nd ed. John
Wiley and Sons Ltd, Chichester, UK, 2000.

Walton TE. The impact of diseases on the importation of
animals and animal product. Ann N Y Acad Sci 2000; 916:
36-40.

Weaver SC, Reisen WK. Present and future arboviral threats.
Antiviral Res 2010; 85: 328-345.

Wechsler SJ, Austin KJ, Wilson WC. Limits of detection of
bluetongue virus with different assay systems. J Vet Diagn
Invest 1990; 2: 103-106.

Zhen S, Changyuan D, Lulu W, Dong-E C, Guoming B, Ming
D, Jun L. A novel method for purifying bluetongue virus with
high purity by co-immunoprecipitation with agarose protein
A. Virol ] 2010; 7: 126.



