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Abstract 

A closed-tube polymerase cliain reaction (PCR)  was developcd to  allow thc rapid dctcction of Africnn swinc fever virus (ASFV) 
DNA. This assay targets the VP72 gene of ASFV and Lises the 5'-nuclease assay (TaqMaiiO) system to detect P C R  amplicoiis, 
avoiding tube opeiiing and potcntial cross-contamination of post-PCR products. An artificial niimic m,as engineered with the 
TaqMan@ probe site replaced by a larger irrelevant D N A  fragineiit allowing discriiniiiatioii from ASFV by usiiig two-colour 
TaqMaiie) probe reporters. When added t o  the samples. successful aniplification of this inimic demonstrated the absence ol' 
substances inhibitory to PCR,  tliereby validatiiig llegative results. Assay sensitivity was confirmed by obtaining positive signals with 
a representative selectioii of ASFV isolatcs. Müny of the clinical and post-mortem features of A S F  resenible those of classical swine 
fever (CSF)  and porciiie dermatitis and iiephropathy syndrome (PDNS).  Therefore, h s t  aiid reliable detection of ASFV is essential 
not only for the impleinentation of control measures t o  prevent the spread ol' ASF,  but also in the dil'lerential diagnosis k o m  C S F  
and PDNS.  This assay sliould prove to be a valuable tool in the laboratory diagiiosis of ASE' and will compleinent extsting 
molecular methods to  provide rapid differential diagiiosis iii cases of suspected swinc fcvcr. 
Crown Copyright , ( ,  2002 Published by Elsevier Science B.V. All rights reserved. 

Kq.ii,ord.s: African swine kver vir~is: Diagnosis: Polymerase chain reaction; Fluorogenic PCR assay: TaqMaii'\Y 

l .  lntroduction 

Africail swine fever virus (ASFV) infects domestic 
pigs causing disease, which can result in high morbidity 
and mortality with associated economic losses. The virus 
was first described in Kenya in 1921 (Montgomery, 
1921) and was subsequently found to exist in many 
countries in southern and eastern Africa. Although 

1 having some characteristics similar to  Iridoviruses and 
Poxviruses, ASFV has been formally classified as the 
prototype member of the genus Asflr ir~~s within the 
family Asfarviridae (Dixon et al., 2000). ASFV has a 
double stranded D N A  genome of between 170 and 190 
kb in size. Tt is unique as the only known D N A  
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arbovirus, and is capable of infecting members of the 
vertebrate family Suidae (domestic and feral pigs, wild 
boars, bush pigs. warthogs and the giant forest hog) aild 
the Argasid tick vector (0~~11itI1orl01~0,s complex). Tick- 
borne transmissioil of ASFV is coiisidcred to be the 
m- jo r  route of infection in regions of Africa where the 
disease is endemic. However, in southern Europe aiid 
Latin America major ASF outbreaks have occurred that 
are associated with import of contaminated meat 
products and the subsequent iiltroduction of ASFV 
into native tick vectors (01.nitliotlor.o~ 17inroc.rrri~1.s). 

The clinical features of ASFV infection are high fever, 
diarrhoea, haemorrhage and generalised reddening of 
the skin. These clinical signs and additional post- 
mortem findings such as splenic enlargement and 
haemorrhages in lymph nodes and kidney are indis- 
tinguishable from those seen during CSFV infection. 
More recently the differential diagnosis between ASF 
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and CSF has been further coinplicated bj, the emergence 
of porcine dermatitis anci ncphropathy syndrome 
(PDNS),  which can also ha\e  ri sirnilar clinical presenta- 
tioii (Done et al., 3001). Thei-efore, rapid aiid reliable 
detection of ASFV is essential, iiot oilly for the 
iniplemeiltation of coiitrol ineasui-es to prevent the 
spreud of ASF, but also in thc differential diagnosis 
from otlier pig diseases \\:ith similar cliilical presenta- 
tion. 

Laboratory ciiagnosis of ASFV is routinely perforil-ied 
by virus isolation (VI) in porcine bone marrow (PBM) 
cell cultures biit although tliis is a reliable and sensitive 
inetliod. it takes 6 days to declare a negative result. 
Polyincrase chain reaction (PCR) has been described as 
a suitable rapid alterilativc to VI for the detection of 
ASFV (Steiger et al., 1992) aild mriy be particularly 
~iseful for screening poor quality or degraded sari-iples 
with non-recoverable virus. l'his would allow the 
diagnosis ot' ASFV to be inade witliin hours of sample 
receipt so tliat control measurcs and restrictions could 
be iniplemented or  lifted in a much shorter time-scale 
than if VI was employed as the sole diagnostic method. 
The aim of this study \\:as to in-iprove the reliability and 
ease of use of PCR foi- the detection of ASFV by using 
sequence data from divcrse ASFV isolates to design a 
primer set for use in a closed-tube assay with a 
fluorescent probe. The incorporation of a probe con- 
firms tlie specificity of the PCR product and allows 
autoniated reading of the test. The prcsence of PCR 
inhibitors in somc sainples can result in false negative 
results through failure of the PCR reactioii (Belak and 
Thoren. 2001). Ti> measure this, a DNA interna1 
standai-d or  'miniic' was constructed with the saine 
priiner recognition sequeilces as the wild-type virus but 
with a l-ieterologous DNA fragment inserted between the 
priiner sites to make a larger-sized amplicon. The 
ailiplicoi~ of the mimic can eusily be distinguished 
froni that of thc virus by its larger size, using agarose 
gel electrophoresis or, as desci-ibed here, by the use of a 
separate fluorescent probe specific for the insertion. 

2. Materials and methods 

In order to nssess the scnsitivity of the ~ a ~ ~ a n @  
PCR assay, a panel comprising 25 ASFV isolates was 
asseinbled, representative of the diversity revealed by 
phylogcnctic analysis (Table 1: Bnstos et al.. 2002 
uiipublislied data). These viruses were propagated by 
in vivo passage i i ~  susceptible pigs or in peripheral blood 
n-iononuclear (PBL) or PBM cells (Malmquist and Hay. 
1960): s¿itnples takeil for PCR analysis were spleen tissue 
tuken froni infected pigs, at or  just after the onset of 
clinical disease, PBL or  PBM cell harvests. Negative 

controls consisting oT spleen hoinogenates from unin- 
fected pigs and uninfected PBM and PBL cell culture 
harvests were also prepared. The DNA from 1 1  
representative isolates from this panel \\:as titrated for 
further study. Sixteen unclnssificd African and Eur- 
opean tick ASFV isolates ( O U R T  8811. 8813 and 8813 
frori-i Portugal, TIKl82, KONl83, LIL 2011 and LIL 9011 
frori-i Malawi, K l R T  8912, 8913 aild 8914 from Tanzania. 
and LIV 5/40. LIV 13/33, M F U E  611, SUM 1411 1 KAB 
612 and C H G T  8811 froin Zambia), whicli had beei-i 
passaged in susceptible pigs were also testcd. 

DNA was purified from the representative ASFV 
isolates and uninfected spleen. PBM and PBL negative 
control samples to a final elutioii voliime of 60 1iI by a 
viral R N A  kit (QIAgen, U K )  according to the nianufac- 
turer's instructions. This method docs not discrilninate 
in its a b i l i t  to purify R N A  from DNA and has pi-oved ~z 
valiiable method to prepare template for the laboratory 
diagnosis of CSF  (McGoldrick et al.. 1998). Additioiial 
cxtraction negative coiltrols wcre prepared at this stage 
for each ASFV isolate and uninfected ilcgative material 
by running parallel extractions of nuclease-free water 
with the kit. The extracted snri-iples and controls were 
stored at -20 C until they were used in the ~ a q ~ a n @  
PCR and iii tlie PCR protocol outliiied in the 4th 
Edition of the Office International des Epizooties (OIE) 
manual of standards, diagnostic tests and vaccines 
(Wilkinson, 2000). In order to assess the specificity of 
the ~ a ~ ~ a n @  PCR, samples from poolcd EDTA blood 
samples Or = 50) collected during the 2000 UK elassical 
swine fever (CSF) outbreak were tested. These samples 
were also tested for CSFV by rcverse-transcriptase 
nested ~ a q ~ a n %  PCR (McGoldrick et al.. 1999) and 
for porcine circovirus-2 by TaqMan(@ PCR (Grierson et 
al., 2002 ui-ipublished data). 

A 537 bp fragment of ASFV encompassing the 
proposed diagnostic VP72 PCR amplicon, was ainpli- 
fied frorn a plasmid containing the EcoR I B fragnient 
of the ASFV BA71V isolate (Almendral et al., 1984) 
using primers 5'-ATA G G A  TTA AAA CCT ACC ; 

T G G  AAC ATC TCC G-3' and 5'-GGT ACT GTA 
ACG C A G  CAC A G C  T G A  ACC G T T  CTG-3' and 
cloned into pGEM-T easy (Promega). Plasmid DNA 
(pASFV-VP72) \\:as purified frorn DH5x cultures using 
QIAprep spin minikit (QIAgcn) nnd tl-ie presence of 
inserts of the appropriatc size were confirined by 
restriction enzyme digestion and by sequencing (Big 
Dye, Applied Biosystems). The strategy for the ri-iiitiic 
construction is outlined in Fig. 1. Briefly, two indepeii- 
dent VP72 fragmeilts of 364 bp (fragmei-it A )  aiid 119 bp 
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Fig. 1. Scheni;iiic civcrvicu oF the atriitegy used to  construci ¿i pl;iarriid (p.4SFVin) For use as an artilicial temp1;itc (niiniic) for thr T; iqM: inVCR.  
Tlie resulting iiiiiiiic ;iniplicoii (420 hp)  is larger tliaii Lliai produced by wil~l-t'pe ASFV ( 2 5 0  hp) a s  slio\\n in tlic 2 ' h  ag;ii-ose gel. l 
(fragment B)  coi-itaiiiing the proposed ASFV sense and 
anti-sei-ise primer sites. respectively. but excluding the 
ASFV ~ a ~ ~ a n E  pi-obe site were amplified by PCR. 
The primers were inodified at  the 5'-ends to provide 
cleavage sites for KIII? 1 (sei-ise) and Siiia I (anti-sense) 
for fi-agment A :ind Si~iu  1 (sense) and Suc I (anti-sense) 
Sor Eragment B. These PCR fraginents wcre subjected to 
restriction digestion with the relevant enzymes (Pro- 
inegn) aiid subsecluently cloned into pGEM-7Zf(+)  
(Promega) prepared by Kl~ir I and SLIC 1 digestion. The 

i-esulting plasmid contained a 489 bp insert of VP72 with 
a deletion of 136 bp that was marked by the addition of 
a unique S n ~ u  I site. After the linearisation with Siii~l I ,  
the plasmid was incubated with calf alkalii-ie phospha- 
tase (Promega) to preveiit recircularisation. A 295 bp 
fragment of human beta-actin gcne generated by PCR 
using primers with 5'-Siiru I recognition sitcs: 5'-TTT 
CCC G G G  TCA CCC ACA C T G  T G C  CCA TCT 
ACG A-3' and 5'-TTT CCC G G G  C A G  C G G  AAC 
CGC TCA T T G  CCA A T G  G-3' was ligated into the 

Tablc 2 
Multiple ;iligiirnent 1or avail;iblc 4Si-V aeqiiences highlighting Llie mismatches with the T; iqMan6 PCR priirier ;ind probe recognitioii sites 

ASFV isolate SENSE PRIMER TaqhIaneV PROBE SlTE ANTI-SENSE PRIMER 
(or GenBank CTGCTCATGGTATCAATCTTATCGA CCACGGGAGGAATACCAACCCAGTG GATACCACAAGATCRGCCGT 

accession 
nurnber) 
42 ASFV . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  --------------A----- 

isolates 
RSA 1198 --------------T---------- --------------A----- 

SPEC 260 . . . . . . . . . . . . . . . . . . . . . . . . .  --------------T---------- --------------A----- 

Uganda --------------------T---- ------ - - - - - - - - G - - - - -  
(L274991 

DR-1 . . . . . . . . . . . . . . . . . . . . . . . . .  --------------------T---- --------------G----- 
(L27498) 
Hinde II - - - - - - - - - - - - - - - - - - - - - C - - -  --------------------T---- --------------G----- 

UGA 3/95 . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  --------------G---- 

BUR 1190 . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  --------------G.---. 

BUR 2184 . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  --------------G----. 

BUR 1184 . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  --------------G----. 

UGA 1195 - - - - - - - c - - - - - - - - - - - - - - - - -  . . . . . . . . . . . . . . . . . . . . . . .  c- --------------A----- 
NG198 . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  --A-----------A----- 



plasmid. aiid transl'cctcd ii-ito E. coli DH5u. The 
sequence of tlie iniinic plasinid (pASFVin) was con- 
firmed by seq~iencing (Big Dye, Applied Biosystems) 
after wliicli purified plasmids (QIAprep spin minikit, 
QIAgeii) were linearised witli Kpr? I for use as an 
artificial template (miinic) in the singlc tube PCR. 
Successful amplificatioii of tliis mimic iii the samples 
was detected ~isiiig a ~ a q M a n @  probe (Applied Biosys- 
tems) contaiiiing a diffcrcnt fluorochrome to that ~ised 
for detection of tlie vira1 amplicon ( ~ ' - v I c . " ~ - c A T  
GCC ACC CTG C G C  CTA G A C  CT-3' TAMRA). 
The appropriate concentratioi-i oS the mimic D N A  used 
for the ~ a q M a n @  assay was optimised by serial dilution 
so that assay sensitivity was not reduced. 

2.4. Clo,vc<l-tuhr , / i~~~rogeri ic  PC'R 

2.4. 1. Dc.sig~i of'prohc L I I ? ~  pri1rro.s 
A ~aqMail:@ probe (5'-[6-carboxy-fluorescein 

(FAM)]-CCA C G G  G A G  G A A  TAC CAA CCC 
AGT G-3'-[6-carboxy-tetrainethyl-rhodamine (TAM- 
RA)] froni Applied Biosystcms) was designed from an 
alignment of 54 available ASFV sequences for the 3'-end 
of VP72 (sequences from GenBank and Bastos et al., 
2002, unpublished data) usiiig criteria outlined in 
P K I M ~ K  EXPRESS software (version 1.5, Applied Biosys- 
tems). PCR primers (Genosys Bioteclinologies): sense 
primer (5'-CTG CTC ATG GTA TCA ATC TTA TCG 
A-3') and anti-sense primer (5'-GAT ACC ACA AGA 
TC(AG) G C C  GT-3' were also designed to target 
conserved regioiis of the 3'-end of the VP72 gene (Table 
2). Assay validation was performcd a t  two iiidependent 
laboratories (Veterinary Laboratories Agency [VLA], 
Weybridge aild Instit~ite for Animal Health [IAH], 
Pirbriglit) usiilg end-point (VLA) and quantitative 
(IAH) ~ a q M a n @ '  reader instrumentatioi~. 

2.4.2. E~~d-po i l~ t  ~lc~tt~ctiol~ O/ ASFV 
Single-tube PCR reactions were prepared containing 

50 m M  KC1, 10 inM Tris-HCI pH 9.0, 2 mM MgClz 
(buffers supplied with Tuy D N A  polymerase [Pro- 
mega]), 0.4 mM of each dlUTPs, 2.5 U Tuy DNA 
polymerase (Proniega). 50 pinol of each primer, 5 pmol 
ASFV probe (FAM repoi-tei-) ai-id 5 pinol mimic probe 
(VIC reporter). HPLC water was added to make the 
final reaction voluine up to 50 p1. This inastermix was 
dispenscd into a MicroAmp@ optical 96-well reaction 
plate (Applied Biosystems). Four no template control 
(NTC) wells without either mimic or sample D N A  were 
prepared to establish baseline fluorescence. Test samples 
(5 p1 of prepared template) and mimic D N A  (5 p1 of 
lincarised plasmid) were then carefully added to the 
plate in a separate work-area. Negative control (NEG) 
wells containing only mimic template and with HPLC 
water substituting for sample DNA were interspersed 
between each sampIe welI on the 96-well plate. Al1 wells 

were sealed wiih optical lids (Applied Biosysteins). 
Amplification conditions ( G e n e A m p @ P c ~  systcni 
9700, Applied Biosystems) used were an initial dena- 
turation step of 94 C for 120 s followed by 35 cycles of 
94 C for 30 s, 58 C for 60 s aiid 72 C for 45 s. Chaiii 
cloiigatioii at 72 C was extended to 420 s for tlie final 
cycle aftei- which the plate was held at 4 C ~inti l  tlie 
fluorescence sigrial w¿is ineasui-ed (ABI Prisrn 7200 
sequence detector, Applicd Biosystcins). Statistical aiia- 
lysis of the FAM and VIC fluoi-escence sigilals was 
performed usiiig 2 D  scatter-plots of the multicoinponent 
values (SEQLJENCE ANALYSER ver 1.6, Applied Biosys- 
tems) iiuported into sTATrsTrcA (ver 6, Sti~tsoft). A 99'%, 
confidence ellipscs wcrc di-awii arouiid the water control 
(NEG)  and NTC wells. These confideiice ellipses were 
used to define ASFV positive samples, ASFV iiegntive 
samples aiid sainples where tlie PCR had lailed. ASFV 
negative samples were grouped with the water coiitrol 
wells. while ASFV positive samples were ideiitified 21s 
points lying outside of the water control 99'%1 confidence 
ellipse. Sample failures were grouped with readings from 
NTC wells. 

2.4.3. Qu~111titotil.e dtl tc~r~ll in~lt io~~ o/' ASFV 
PCR mixes containing 50 pmol of sense primer. 50 

pmol of anti-cense primer, 5 pmol of probe ¿ind 1 x 
~ a q M a n @  master mix (Applied Biosysteins) were inade 
LIP in nuclease-free water (Pi-orneg~i) and 22 111 of tlie inix 
added to a M i c r o ~ r n ~ B  optical 96-well reaction plate 
followed by 3 1i1 of extracted teinplate or blaiik 
extraction control. The pl~ite was S ~ L I I I  for 60 S at 
300 x g in a centrifuge (Sorvall) prior to anipliíication iii 
GeiieAmp'E 5700 Sequence Detectioii System (Applied 
Biosystems). The samples were amplified with the 
followiiig prograinine ~ising tlie following conditions: 
50 C for 120 S, one cycle (uracil N-deglycosylase 
digest); 95 C for 10 inin, one cycle (activatioi~ of the 
Tuy Gold therinostable DNA polymerase present iii the 
master mix); 95 'C for 15 S, 58 C for 60 S, 40 cycles. 
After amplificatioii, a thresliold cycle (C',.) value was 
assigned to each PCR reaction as previously described 
(Oleksiewicz et al., 2001). The absolute negative for any 
test sample, uniilfected negative or extraction blank 
control corresponded to a CT value of > 40.0. Fifty 
cyclcs of replication were also ~ised iii some experiinents 
(absolute negative values then corresponded to a C I .  
value of > 50.0). 

2.5. OIE-rcfirrncr PC'R rric~thod,/or t 1 1 ~  ~líltectiorr 
ASFV 

The ~ a q M a n @  PCR method was coinpared with the 
PCR protocol outlined in the current 01E manual 
(Wilkinson, 2000). This PCR targets a 278 bp fi-agineilt 
of the middle portioii of VP72 and has no overlap with 
the ~ a q M a n @  PCR amplicion. For these experiinents. 
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3. Results 

3.1. Optirnisufion oj T U ~ M U ~ ~ ~  PCR 

10 102 103 l o 4  l o 5  1 0 v 0 7  l o 8  109 

Copy number 

E'ig. 7, Analytical scrisiti\ily oí'the ASFV TaqManc@ PCR determined 
using serial logl,, dilulions of linearised pASFV-VP72. 

the primers (5'-ATG GAT ACC GAG GGA ATA GC- 
3' and 5'-CTT ACC GAT GAA AAT GAT AC-3') and 
cycling conditions outlined in the OIE manual were 
followed. Briefly, PCR mix was added to the wells of a 
PCR plate (ABgene) and consisted of the following 
reagents: nuclease-free water (30.5 p1, Promega), 50 mM 
KC1, 10 mM Tris-HCl pH 9.0 (Promega), 2.5 mM 
MgCl? (Promega), 10 mM (each) dNTPs. 50 pmol ot 
each primer and 2.5 U Tuq DNA polymerase (Pro- 
mega). The final reaction volume was made up to 50 p1 
in each well by adding 3.0 p1 of extracted template or 
blank extraction control. Amplification was carried out 
in a PTC-10oTM thermal cycler (MJ Research, Inc.) and 
the products visualised by elecrophoresis on a 1.5'%, 
agarose gel stained with 1.0 pglml ethidium bromide. 

ASFV [FAM] 

Fig. 3. Detectiori of eight samples spiked with ASE'V template by 
~ a ~ ~ a n ( @  PCR. Two-diriiciisional (2D) scaller-graph (STAT-is r ic~)  
sliows ASFV-FAM and MIMIC-VIC signals for sarnples (n = 47, O). 
PCR controls (NEG: conlaining lnimic template: r 1 =  39, 0) and 
NTCs (n = 8, A ). A 99% corilidence ellipse drawn around the NEG 
controls is used to assign results for positivc and ncgative samples. 

The analytical sensitivity of the ~ a q ~ a n @  PCR 
method was determined using a log,,, dilution ( l op '  

series of a Su1 I linearised plasmid (pASFV- 
VP72). Using both the end-point and quantitative 
~ a q ~ a n @  approaches, the template was detected to 
l o p 9  dilution, corresponding to a lower liinit of 
sensitivity of between ten and 100 moleculcs (Fig. 2). 
To establish the optimum dilution of mimic to be added 
to the ~ a q ~ a n @  assay, a chequer-board titration 
experiment was performed to investigate the effects of 
increasing mimic template on the assay sensitivity. High 
concentrations of mimic (in excess of lo-' dilution) 
reduced assay sensitivity by 10-fold. However, it was 
found that by using a 10-"ilution (corresponding to 
40 molecules) of Kpn I linearised plasmid (pASFVm), a 
consistent mimic signal was produced without affecting 
the sensitivity of the ~ a q ~ a n @  assay (data not shown). 

The size of the PCR product for ASFV was 250 bp in 
comparison to the larger mimic amplicon of 420 bp. A 
direct consequence of this difference in size was that in 
the presence of wild-type ASFV, amplificatioil of the 
larger mimic template was inhibited. Discrimination of 
the two amplicons was achieved using two-colour FAM 
and VIC reporten for ASFV and mimic. respectively. 
Fig. 3 shows a 2D scatter-plot for the results of a 

Table 3 
Results showing the limit of detection achieved by the ~ n c ~ ~ a r i : ' .  OIE 
PCR and VI procedures using (A) ASFV diluled into uninfected spleen 
material and ( B )  serial logl,, dilutions oí'thc DNA oí' 1 1  aelected ASFV 
isolates 

Isolale Detection lirnit 

TaqMank* PCR OIE PCR VI 
(7  111)‘' (7 111)" (300 V I ) "  

A 
LIL 2011 lo-'  1 0 r 2  10 " 
MALTA178 l o - 5  lo-'  lo-"  
B 
CAM 1/86 lo-1 10 ' n.d. 
HINDE 11 10 10 ' 11.d. 
KAB 9411 lo-4 10 ' n.d. 
DEDZA ] " - S  lo-? 11.d. 
KAL 8811 1 0 - " lo-' n.d. 
UGA 1/95 I O P  1 0  ' n.d. 
RSA 1/92 lo-' 10-1 n.d. 
RSAWl1199 1 0 '  1 0 - 1  n.d. 
TENGAN1 i r 4  n.d. 
MOZ 9418 10 10 ' n.d. 
NAM P1195 10 1 0 '  n.d. 

n.d., Not determined. 
" Relative volumc ofdiluted starting malerial tcated by the diSSerenl 

assays. For the PCRs, this calculation accounts for a concentration 
due to the extraction methods used. 
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Dilution of DNA 

Cycle number 

Fig. 4. Corripariscin of tlie res~ilts oblained b> the ~ n ~ ~ a n ' ' ~ .  PCR (amplilication p1~)is of fl~ioresceiicc signal) ;iiid [he 01E PCR iiielhod (bands 
oht:iiiied by gel e lectrophorrs i~ are sliown i i i  iriset) o n  tlie diluíion rrriea of tlic vinii  KAL 8811. ~ q M a n ' "  ~.nlues  Ior [he i-cspeclive dilulions of 
DNA are shown. 

representative assay. ASFV positive samples were volunie corresponds 7 p1 of the original niaterial ~vheii 
clearly distinguished from negative samples as they the extraction method is takeii into accouiit) wus used 
had a tiigh FAM and low VIC fluorescence. ASFV for the T;iqMan@ PCR in coiitrust to 300 p1 of materiul 
negative sainples were grouped within the 99':O con- for VI (Table 3). It was subsequently stiown tliat an 
fideiice ellipse for the negative controls (NEG).  increase in sensitivity of 2 loglo \vas achieved using n 

nested PCR T a q ~ a i i ~  approach (data not shown). 

3.1. PP~~¿)I. /~IL/~ICP ~f' t lze A S F V  T~I~~ML~'":cR ussrly 
iritli t/ii.er..sc A SFC' iLsolutes 3.3. Sl~eci'fic~itj~ of' t l i ~ ~  A S F V  ~rlc~~blttri@ LL.\..S~I.V 

The ~aqMan@' PCR successfully detected D N A  
extracted from 25 diverse ASFV isolates tested (Table 
1).  The OIE reference PCR method also detected al1 25 
isolates. All 16 African and European tick ASFV 
isolates were also detected by the TaqManCj assay 
aith al1 C;- values below 30.0 (data not shown). Serial 
log,,, dilutioiis were made from the DNA of 1 1  selected 
ASFV isolates. which included at  least one representa- 
tive virus fi-om each genotypic group. Tliese dilution 
series were tested both by the T a q ~ a n B '  PCR assay and 
the OIE niethod and the limit of detection by each 
procedure is shown in Table 3. Fig. 4 illustrates the 
fluorescence values obtained by the T a q ~ a n B  PCR and 
the bands obtained by gel electroplioresis ~ising the 01E 
PCR inethod, respectively, on the dilutiori series of the 
virus KAL 8811. The TaqManB PCR clearly had a 
higher limit of detection than the OIE PCR ori each of 
these isolates ranging from one to three log,,, of dil~ition. 

The sensitivity of the TaqMan'" PCR assay was 
compared directly to that of VI by testing a dilutioii 
series of two ASFV isolates (LIL 2011 and Maltal78). In 
these experiinents, the material containing ASFV was 
diluted in normal spleen cells takeri from an uninfected 
pig. VI was sho~vn to be approximately a single log,,, 
more sensitive than the TaqMan1@ PCR assay lvlien 3 pl 
of the template produced ~ising the QIAgen kit (tliis 

Fifty EDTA bloods (pools of ten animals) collected 
from pigs during tlie United Kingdoin 2000 CSFV 
outbreak were tested by the ASFV TaqManN PC'R. 
Of these samples, 19 had beeii previously confirined as 
positive for CSFV (McGoldrick et al., 1999). while ten 
were strongly positive by TaqManCR' PCR specific for 
porcine circovirus-2 (Grierson et al., 2002 unpublishcd 
data). These samples were al1 negative with the ASFV 
~ a q M a i i 3  assay. 

4. Discussion 

This report describes the developnient of aii improved 
molecular test to detect ASFV. This assay uses the 
closed-tube TaqMan@ format that has recently beeii 
successfully applied for the molecular diagnosis of many 
other viruses of veterinary iinportaiice (Belak and 
Thoren, 2001). This approach has several advantages 
over gel-based PCR methods such as increased speed as 
well as the provision oi' an objective and quaiititative 
result. Furthermore, the inclusion of a TaqMan@ probe 
confirms the identity of the PCR product: and since it is 
not necessary to  open tlie reaction tube post-PCR, it is 
possible to process large numbers of suniples i-apidly 
without significant risk of contamination. During vali- 



dation of this assay, PCR amplicons were also routinely 
visunlised on agarose gels i i i  addition to lluorescence 
determination witli tlie T a q ~ a n B  instrunientation. 
Tliere was broad agreeinent between tliese two nicthods. 
suggesting that gel-based methods may provide a uscful 
alternativc for dctcction of tlie PCR product where it is 
not possible to nccess T a q ~ a n s  equipinent. In some 
circunistances it inay bc ncccssary to transport samples 
to ASFV refereiice laboratories for niolecular aiialysis. 
We would rcconimend similar collection aiid transport 
protocols to be used as currently employed for tradi- 
tioiial VI methods. 

The performance of tlie ASFV TaqManC@ assay was 
asscsscd at  two iiidepeiident sites: The VLA (OIE 
Reference Laboratory for CSF)  a11d the IAH at Pirb- 
riglit using cnd-point (ABI 7200) and real-time (ABI 
5700) instruinentntion. respectively. Only ininimal mod- 
ifications to the PCR bufí'cr and cycling parameters 
were required to achicvc an assay witli similar analytical 
sensitivity at  the two sites. The two different T a q ~ a n [ @  
readers each havc advantages for specific laboratory 
applications. For example, a large nuinber of saniples 
cnn be screened for tlie presence of ASFV using an end- 
point detector, whereas tlie assessment of viral load in 
clinical and experimental samples requires the use of 
real-time or  quantitative instrunientatioii. 

111 oi-dcr to cnsure tliat tlie assay was able to detect a 
wide range of ASFV isolates, thc PCR priniers and a 
TaqManW probe were designed to recognise conserved 
regioiis identified iii an alignment of VP72 sequences. 
Only a linlited number of ASFV VP72 sequences are 
curreiitly available on GenBank. 111 this study, the 
sequeiice of 3' fragnieiits of VP72 froin 48 additional 
ASFV isolates wcrc included (Bastos et al., 2002, 
unpublished data) allowing greater confidence in the 
ability of the assay to dctcct diverse ASFV isolates. An 
additional beiiefit of targeting tlie 3'-end of VP72 is that 
this PCR ainplicoii caii be sequenced in order to  provide 
phylogeiietic classification in thc cvcnt that positivc 
samples are obtained. Comparative experiments using 
D N A  extracted fi-oni 12 sclcctcd ASFV isolates demon- 
strated that altliough tlie gel-based assay outlined iii the 
current OIE inaii~ial was able to dctect al1 the diverse 
ASFV isolates, it was consistently less sensitive than the 
TaqMan(@ assay. For compatibility with the TaqMan@ 
RT-PCR for CSFV, template extractioil for this study 
was carried out with the QIAgen viral RNA kit. This 
inetliod yielded satisfactory D N A  from the panel of 
ASFV isolates tested. Comparison witli VI suggested 
that if exquisite sensitivity of tlie ~ a q M a n 3  PCR is 
required then improvcments to thc assay. such as testing 
a greater voluine of template, using an alternative DNA 
cxtraction niethod, or even use of a nested forinat could 
be employed. 

The ciid point assay complements the existing RT- 
nPCR ~ a ~ M a n @  assay for CSFV (McColdrick et al., 

1999) wliich was shown to be robust and reliable during 
the 2000 CSF outbreak in the United Kingdom (Drew, 
20Cl1). In contrast to CSF, there has never been a 
documented case of ASF in the United Kingdom. To  
provide in-tube automated validation of the large 
number of anticipated negative results. an artificial 
teinplate (mimic) was engineered. Successfiil amplifica- 
tion of the miniic cnsurcs that the corrcct PCR 
coniponents have been added to the well. Tliis mimic 
may also be a valuable tool when testing DNA cxtracted 
from difficult biological matrices such as degraded 
sainples and ticks wherc thc prcsencc of substances 
inhibitory to PCR can be a coininon problcni (Rijpkema 
et al., 1996; Nicolas aiid Plichart, 1997). 

In sumniary, a sensitive ~ a q M a i i $ ~  PCR was devel- 
oped for the detection of ASFV. Using this niethod it is 
possible to obtain a reliable laboratory diagnosis within 
24 h of saniple reccipt. This mcthod is much fastcr than 
VI. which can take up to 6 days to dcclarc a negative 
result. Such a reduction in time is not trivial siilce it will 
shorten the period of time that a farni or slaughterhouse 
is held under moveinent restrictions, allowing rapid 
return to normal trading and a significant reduction in 
animal welfare problems arising from overcrowding. In 
light of the acceptance of molecular assays to provide 
the confirmatory laboratory diagnosis foi- CSFV, this 
ASFV ~ a q M a n @  PCR assay will be a valuable tool for 
rapid differcntial diagnosis in cases of suspected swine 
fever. 
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