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Evaluation of the enzyme-linked 
immunosorbent assay for the rapid screening 

and detection of classical swine fever virus 
antigens in the blood of pigs 

K. D E P N E R n(1), D.J. P A T O N (2), C. C R U C I È R E (3), G.M. D E M I A (4), 
A . M Ü L L E R F. K O E N E N (5), R. STARK (6) and B. LIESS (1) 

Summary: A workshop was convened, at which seven enzyme-linked 
immunosorbent assays (ELISAs) were compared with virus isolation for the 
detection of viraemia in serial blood samples collected from six pigs at up to 
fourteen days after inoculation with classical swine fever virus. All ELIS As 
were of the double antibody sandwich type, using monoclonal and/or 
polyclonal antibodies to detect a variety of viral proteins in leukocytes, or in 
anti-coagulated blood or serum. Compared to virus isolation, specificity of the 
ELISA was good: only one sample found negative by virus isolation yielded a 
positive result in a single ELISA. Some false-negative results occurred with 
samples collected at up to eight days after inoculation, but all tests found 
samples collected between nine and fourteen days post-inoculation to be 
positive. The ELIS As require less-specialised facilities and can be performed 
much more rapidly than virus isolation. They are therefore extremely promising 
tools for screening large numbers of live pigs. 

K E Y W O R D S : A n t i g e n - Class ical swine fever - E L I S A - H o g c h o l e r a -
Viraemia. 

I N T R O D U C T I O N 

Classical swine fever ( C S F ) is an economica l ly i m p o r t a n t d i sease which is con t ro l l ed , 
in general , by s t a t u t o r y m e a s u r e s . I n v iew of t h e se r ious imp l i ca t ions of a d iagnos i s of 
CSF, and b e c a u s e cl inical s igns a r e n e v e r p a t h o g n o m o n i c , l a b o r a t o r y c o n f i r m a t i o n of 
diagnosis is very i m p o r t a n t . A s wi th o t h e r viral d i seases , l a b o r a t o r y d iagnos i s is b a s e d 
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o n e i t h e r d e t e c t i o n of t h e a g e n t o r s e ro logy . S e r o l o g y is t h e r e l a t i v e l y m o r e s imple 
t e c h n i q u e , bu t is i n a p p r o p r i a t e for use in recent ly- infec ted pigs which m a y b e shedding 
v i rus b u t h a v e n o t ye t d e v e l o p e d s e r u m a n t i b o d i e s . V i r u s d e t e c t i o n h a s t rad i t iona l ly 
b e e n p e r f o r m e d by a c o m b i n a t i o n of fluorescent a n t i b o d y tes t s o n t i s sue s ec t i ons and 
v i rus i so l a t ion in cell c u l t u r e s f rom e i t h e r t i s sues o r l e u k o c y t e s . F o r d i a g n o s i s in live 
pigs, t issues a r e no t readi ly avai lable , and the re fo re virus i so la t ion f rom leukocy tes has 
b e e n t h e m e t h o d of choice. A l t h o u g h sensi t ive a n d specific, virus i so la t ion is b o t h time-
c o n s u m i n g a n d l a b o r i o u s , a n d is t h e r e f o r e u n s u i t a b l e for l a rge - sca le s c r e e n i n g over a 
long pe r iod of t ime. T h e n e e d for a sensi t ive, r ap id a n d prac t ica l tes t for t h e de tec t ion of 
C S F virus ( C S F V ) in b l o o d has b e c o m e all t o o ev iden t du r ing r e c e n t C S F epidemics in 
Be lg ium and G e r m a n y , w h e n a large n u m b e r of an imals h a d to b e tes ted . 

O n e way to o v e r c o m e these p r o b l e m s has b e e n t h r o u g h t h e r e c e n t d e v e l o p m e n t of 
e n z y m e - l i n k e d i m m u n o s o r b e n t a s say ( E L I S A ) t e c h n i q u e s for d e t e c t i n g C S F viral 
a n t i g e n s (14 ) . S e n s i t i v e a n d spec i f ic a n t i g e n - c a p t u r e E L I S A s y s t e m s a r e a l ready 
successfully used in t he r o u t i n e diagnosis of t he r e l a t e d pest iv i rus d iseases of cat t le and 
s h e e p , n a m e l y bov ine virus d i a r r h o e a ( B V D ) a n d B o r d e r d i sease ( B D ) , respectively. 

T h e p r e s e n t r e p o r t s u m m a r i s e s t h e f ind ings of a w o r k s h o p o n a n t i g e n d e t e c t i o n 
p r o c e d u r e s for CSFV, h e l d u n d e r t h e a u s p i c e s of t h e C o m m i s s i o n of t h e E u r o p e a n 
U n i o n ( E U ) a t t h e C o m m u n i t y R e f e r e n c e L a b o r a t o r y ( C R L ) for C S F , I n s t i t u t e of 
Virology, H a n o v e r Vete r inary School , f rom 19 to 21 M a r c h 1995. R e p r e s e n t a t i v e s of the 
C R L and of the Na t iona l Swine F e v e r L a b o r a t o r i e s of Be lg ium, F r a n c e , G e r m a n y , Italy 
a n d the U n i t e d K i n g d o m a t t e n d e d the w o r k s h o p to eva lua te var ious E L I S A techniques 
for de tec t ing C S F viral an t igen in b lood . E m p h a s i s was p u t on eva lua t ing t h e ability of 
the tests to de tec t v i raemia in pigs in t he ear ly p h a s e of infect ion be fo re classical signs of 
C S F were p resen t . 

M A T E R I A L S A N D M E T H O D S 

Materials available for antigen detection 

E a c h w o r k s h o p p a r t i c i p a n t was i n v i t e d t o t e s t 55 p o r c i n e b l o o d s a m p l e s (e i ther 
b l o o d w i t h e t h y l e n e d i a m i n e t e t r a a c e t i c ac id [ E D T A ] , o r s e r u m ) , u s i n g h i s / h e r own 
E L I S A sys t em or a c o m m e r c i a l E L I S A . T w e n t y of t h e s a m p l e s o r i g i n a t e d f rom pigs 
which w e r e free from CSFV, and 35 samples w e r e t a k e n f rom six w e a n e d pigs a t various 
t ime intervals after they h a d b e e n inocu la ted wi th CSFV. O n e b l o o d s a m p l e f rom a calf 
pers is tent ly infected with B V D virus was also inc luded . 

Principles of evaluated E L I S A s 

Seven different E L I S A s w e r e eva lua t ed . S o m e h a d a l r eady b e e n ex tens ive ly tested 
for t h e d e t e c t i o n of CSFV, wh i l s t o t h e r s w e r e p r o t o t y p e s w h i c h h a d n o t b e e n fully 
v a l i d a t e d . A l l u s e d a d o u b l e a n t i b o d y s a n d w i c h p r i n c i p l e , w i t h a n a n t i g e n - c a p t u r e 
a n t i b o d y c o a t e d t o E L I S A p l a t e m i c r o t i t r e we l l s a n d a d e t e c t o r a n t i b o d y reveal ing 
b o u n d ant igen . T h e type and specificity of t he an t ibod ies used a r e c o m p a r e d in Table I, 
t o g e t h e r wi th o t h e r tes t charac te r i s t i cs . T h e n e g a t i v e s a m p l e s p r o v i d e d w e r e used for 
t h e c a l c u l a t i o n of t h e cut-off v a l u e s for e a c h E L I S A . V a l u e s h i g h e r t h a n t h e means 
o b t a i n e d wi th n e g a t i v e s a m p l e s p lus t h r e e t i m e s t h e s t a n d a r d d e v i a t i o n w e r e scored 
pos i t ive . Values equ iva len t t o t h e m e a n of nega t ives p lus b e t w e e n t w o a n d t h r e e times 
t h e s t a n d a r d d e v i a t i o n w e r e i n t e r p r e t e d as i n c o n c l u s i v e . T h e r e s u l t s of t h e 'Serelisa 
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HCV-Ag ' t e s t w e r e c a l c u l a t e d a c c o r d i n g t o t h e i n s t r u c t i o n s of t h e m a n u f a c t u r e r . T h e 
sensi t ivi ty of e a c h E L I S A w a s c a l c u l a t e d b y d i v i d i n g t h e n u m b e r of p o s i t i v e a n d 
doubtful pos i t ive E L I S A resul t s by t h e n u m b e r of pos i t ive virus i so la t ions . 

Ser elisa HCV-Ag (Rhône-Mérieux) 

This c o m m e r c i a l E L I S A u s e d a m i x t u r e of t h r e e m o n o c l o n a l a n t i b o d i e s ( M A b s ) 
which recognise ep i topes o n the p l 2 0 / 8 0 p r o t e i n (1). T h e s e an t ibod ies w e r e coa t ed t o t he 
solid phase a n d c a p t u r e d an t igen f rom an t i - coagu la t ed b l o o d or se rum. A n an t i -p l20 /80 
rabbit an t i se rum was u s e d t o de tec t b o u n d an t igen in c o m b i n a t i o n wi th a goa t an t i - rabb i t 
ho r se r ad i sh p e r o x i d a s e ( H R P O ) - c o n j u g a t e . T h e a n t i s e r u m h a d b e e n p r e p a r e d b y 
immunisa t ion of a r a b b i t w i th a r e c o m b i n a n t p l 2 0 / 8 0 p r o t e i n . T h i s t e s t was or ig ina l ly 
established for u s e wi th E D T A b l o o d b u t , in t h e p r e s e n t exerc i se , s e r a o r u n s e p a r a t e d 
EDTA b lood w e r e d i spensed in to t he E L I S A p la te mic ro t i t r e wells t o g e t h e r wi th a lysis 
buffer. This test is panpest ivirus-specif ic a n d can b e p e r f o r m e d in five h o u r s . T h e E L I S A 
was in t roduced by J .C. Th ibau l t ( R h ô n e - M é r i e u x ) and p e r f o r m e d by F. K o e n e n (Institut 
national de recherches vétérinaires, B e l g i u m ) , C. C r u c i è r e a n d M . G o n z a g u e (Centre 
national d'études vétérinaires et alimentaires, F r a n c e ) . 

CVL-1 and CVL-2 (Central Veterinary Laboratory, United Kingdom) 

T h e C V L - 1 E L I S A is b a s e d o n c a p t u r i n g a n t i g e n f r o m l e u k o c y t e s u s i n g a n 
ant i -pl20/80 M A b . T h e b o u n d a n t i g e n was d e t e c t e d wi th a s e c o n d a n t i - p l 2 0 / 8 0 M A b 
which is b i o t i n - c o n j u g a t e d . B o t h M A b s w e r e r a i s e d a g a i n s t B V D V , b u t t h e t e s t 
is p a n p e s t i v i r u s - s p e c i f i c a n d c a n b e p e r f o r m e d in t h r e e h o u r s . T h e p r i n c i p l e of t h e 
CVL-2 E L I S A is t h e s a m e as fo r C V L - 1 , e x c e p t t h a t t h e c a p t u r e M A b a n d t h e 
biotinylated M A b a r e CSFV-specif ic , r e ac t i ng wi th s e p a r a t e e p i t o p e s o n gp55 . T h e tes t 
is CSFV-specific, b u t d o e s n o t r ecogn i se all s t ra ins of CSFV. L e u k o c y t e s w e r e p r e p a r e d 
by expressing 5 m l of E D T A b l o o d t h r o u g h a sy r inge-end filter. T h e t r a p p e d l eukocy t e s 
were lysed a n d e l u t e d s i m u l t a n e o u s l y b y p a s s a g e t h r o u g h t h e f i l t e r of 0.5 m l of 2 % 
octyl-ß-D g l u c o p y r a n o s i d e in p h o s p h a t e - b u f f e r e d s a l i n e (5 ) . E l u a t e w a s a d d e d a t 
0.05 ml p e r wel l of t h e E L I S A p l a t e as t h e tes t s a m p l e . B o t h E L I S A s w e r e i n t r o d u c e d 
and pe r fo rmed by D J . P a t o n . 

Perugia ELISA (Istituto Zooprofilattico, Perugia, Italy) 

In this E L I S A , an t igen f rom lysed buffy coa ts was c a p t u r e d us ing a s t rongly r eac t ive 
swine p o l y c l o n a l p e s t i v i r u s a n t i s e r u m . B o u n d a n t i g e n w a s d e t e c t e d w i t h a n H R P O 
conjugate p r o d u c e d f r o m t h e s a m e a n t i s e r u m . A n t i g e n was p r e p a r e d f r o m l e u k o c y t e s 
pipetted f rom t h e buffy coa t f ract ion of cen t r i fuged E D T A b l o o d sample s by t r e a t m e n t 
with 1 % N o n i d e t P-40 . T h i s tes t is panpes t iv i rus - spec i f i c a n d can b e c o m p l e t e d wi th in 
five h o u r s f o l l o w i n g s e p a r a t i o n of t h e buf fy c o a t . T h e E L I S A w a s i n t r o d u c e d a n d 
performed by G . M . D e Mia . 

CSFV E0-SADA (Tübingen, Germany) 

The C S F V E 0 - S A D A ( S A D A : s e r u m an t igen de t ec t i on assay) is b a s e d o n cap tu r ing 
antigen f rom s e r u m us ing a s t rongly r eac t ive r abb i t -monospec i f i c po lyc lona l a n t i s e r u m 
against the E0 (gp44/48) p r o t e i n of CSFV. T h e b o u n d an t igen was d e t e c t e d wi th a biot in-
conjugated v e r s i o n of t h e s a m e a n t i s e r u m . T h e t e s t is p a n p e s t i v i r u s - s p e c i f i c a n d c a n 
be p e r f o r m e d in f o u r h o u r s . T h i s E L I S A w a s i n t r o d u c e d a n d p e r f o r m e d b y R . S t a r k . 

HAN-1 and HAN-2 (Community Reference Laboratory, Germany) 

These two E L I S A ki ts a r e b a s e d o n c a p t u r i n g a n t i g e n f rom a n t i - c o a g u l a t e d b l o o d . 
The H A N - 1 t e s t u s e s a p a n p e s t i v i r u s - s p e c i f i c M A b r e a c t i v e w i t h p l 2 0 / 8 0 , w h i l e t h e 
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HAN-2 test e m p l o y s a m i x t u r e of t w o M A b s specific for p l 2 0 / 8 0 a n d gp55 , respect ively . 
The b o u n d a n t i g e n w a s d e t e c t e d w i t h a p a n p e s t i v i r u s - s p e c i f i c p o l y c l o n a l H R P O -
conjugated an t i s e ru m . Th i s a n t i s e r u m h a d b e e n p r e p a r e d by i m m u n i s a t i o n of a pig wi th 
CSFV. A n t i g e n s w e r e p r e p a r e d by t r e a t m e n t of E D T A / d e x t r a n b l o o d s ample s wi th 1 % 
Triton X-100® d e t e r g e n t . B o t h t es t s a r e panpes t iv i rus-spec i f ic a n d can b e p e r f o r m e d in 
four h o u r s . T h e E L I S A s w e r e i n t r o d u c e d by A . M ü l l e r a n d K. D e p n e r , a n d w e r e 
performed by U . B e h r ( Ins t i tu te of Virology, H a n o v e r Ve te r ina ry School , G e r m a n y ) . 

Experimental infection of pigs with C S F V 

Six w e a n e d pigs we igh ing a p p r o x i m a t e l y 15 kg a n d free from neu t ra l i s ing an t i bod i e s 
against pes t iv i ruses ( B V D V s t ra in N A D L [ N a t i o n a l A n i m a l D i s e a s e L a b o r a t o r y ] a n d 
CSFV strain Alfor t /187) w e r e u s e d for t he p rov i s ion of v i r aemic pigs. E a c h a n i m a l was 
inocu la ted i n t r a n a s a l l y w i t h 5 m l of p i g k i d n e y ( P K ) 1 5 c e l l - c u l t u r e s u s p e n s i o n 
conta in ing 1,000 T C I D 5 0 ( 5 0 % t i s s u e c u l t u r e i n f e c t i v e d o s e ) of t h e r e c e n t G e r m a n 
CSFV isolate D i e p h o l z 1 /Han94. Pa i r s of pigs w e r e i nocu l a t ed twelve days (nos 1 a n d 2) , 
eight days (nos 3 a n d 4) a n d five days (nos 5 a n d 6) b e f o r e t h e w o r k s h o p c o m m e n c e d . 
The s tage of infect ion of t he pigs d u r i n g t h e t h r e e days of t he w o r k s h o p was b e t w e e n 5 
and 14 days pos t - inocu la t ion (d.p. i . ) . 

Cl in ica l s igns a n d b o d y t e m p e r a t u r e s w e r e r e c o r d e d da i ly , a n d b l o o d s a m p l e s 
(EDTA b lood a n d s e r u m ) w e r e col lec ted t h r e e t imes week ly p r io r t o t h e w o r k s h o p a n d 
daily dur ing t h e w o r k s h o p . B l o o d s a m p l e s t a k e n m o r e t h a n t w o days in a d v a n c e w e r e 
stored at - 2 0 ° C p r io r t o use . 

Virus isolation and serology 

R e - i s o l a t i o n of C S F V f rom buffy c o a t s a n d s e r u m was a t t e m p t e d u s i n g P K 1 5 cel l 
cultures, as desc r ibed e l s e w h e r e (3) . 

S e r u m s a m p l e s w e r e t e s t e d for t h e p r e s e n c e of n e u t r a l i s i n g a n t i b o d i e s aga ins t t h e 
h o m o l o g o u s C S F V i s o l a t e D i e p h o l z 1 / H a n 9 4 , t h e C S F V s t r a i n A l f o r t / 1 8 7 a n d t h e 
B V D V s t r a in N A D L , u s ing a d i r e c t n e u t r a l i s i n g p e r o x i d a s e - l i n k e d assay ( N P L A ) in 
PK15 and fetal calf k i d n e y cells, respec t ive ly (9) . 

R E S U L T S 

Clinical course of the disease 

All a n i m a l s b e c a m e f eb r i l e b e t w e e n 6 d .p . i . a n d 8 d .p . i . (F ig . 1) . N o c l in ica l s igns 
typical of C S F (e.g. skin h a e m o r r h a g e s , n e r v o u s signs) w e r e visible dur ing t h e w o r k s h o p 
period. Pig 1 d ied d u e t o a r u p t u r e of t h e a o r t a cranial is a t 11 d.p.i., be fo re t he w o r k s h o p 
started. T h e r e m a i n i n g five pigs w e r e e u t h a n i s e d o n e day after t he w o r k s h o p . 

Virus isolation and serology 

Resu l t s for v i r u s i s o l a t i o n f r o m buf fy c o a t s a n d s e r u m a r e g i v e n in F i g u r e 1 a n d 
Table II , respect ively, a n d s h o w t h a t v i rus was d e t e c t e d s o o n e r in buffy coa t s in five of 
six animals. Virus was n o t r e c o v e r e d f rom the s e r u m of pig 5. C S F V was first r e - i so la ted 
from leukocytes at b e t w e e n 5 d.p.i. a n d 7 d.p.i. I t is n o t e w o r t h y tha t C S F V could b e r e -
isolated from the b l o o d of pigs 3 , 4 a n d 6 du r ing t h e i ncuba t i on pe r iod , o n e to t h r e e days 
before the onse t of fever. 
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H body temperature above 4 0 ° C 
KS intranasal inoculation of pigs with CSFV 

0 virus isolation 
O no virus isolation 

F I G . 1 

Virus isolation from buffy coat and body temperatures of six pigs intranasally 
inoculated with classical swine fever virus (CSFV) isolate D iepho lz 1/Han94 

N o n e of t h e pigs d e v e l o p e d neu t ra l i s ing an t i bod i e s aga ins t B V D V or C S F V during 
t h e test pe r iod . 

E L I S A results 

A single 3 d.p.i. s ample f rom pig 4 was pos i t ive wi th t h e H A N - 1 tes t . O t h e r w i s e , all 
samples found to be negat ive by virus isolat ion also t e s ted nega t ive by E L I S A . Pigs 1-4 
w e r e de t ec t ed as posi t ive by all E L I S A s (Table I I I ) . Samples t a k e n f rom pig 1 at 11 d.p.i. 
a n d f rom pig 2 at 1 1 , 1 2 , 1 3 a n d 14 d.p.i. w e r e pos i t ive in all tes t s . S a m p l e s t a k e n from 
pigs 3 a n d 4 at 10 d.p.i. we re n o t t e s ted wi th all E L I S A s , bu t w e r e pos i t ive in those used. 
F o r pigs 5 a n d 6, b l o o d was ava i l ab l e d u r i n g t h e w o r k s h o p p e r i o d u p t o 7 d.p. i . Pig 5 
tes ted nega t ive by all E L I S A s t h r o u g h o u t t he obse rva t ion pe r iod , excep t for a doubtful 
posi t ive resu l t wi th C V L - 2 at 7 d.p.i. Pig 6 t e s ted posi t ive at 6 d.p.i. only by EO-SADA. 
A t 7 d.p.i., this an imal tes ted posi t ive by C V L - 2 a n d doubtful ly pos i t ive by H A N - 1 and 
H A N - 2 . N o s ing le E L I S A was a b l e to d e t e c t e a r l y v i r a e m i a as c o n s i s t e n t l y as virus 
isolat ion from leukocytes . 

T h e sensitivity of t he E L I S A s is c o m p a r e d in Tab le IV. C o m p a r e d to v i rus isolation, 
fa lse-negat ive resul ts were ob t a ined wi th b lood samples t a k e n du r ing t h e first 8 d.p.i. By 
8 d.p.i., however , t h e sensitivity of t he E L I S A s increased to u p to 1 0 0 % . 

T h e b l o o d s a m p l e f rom the calf which was pers i s ten t ly - in fec ted wi th B V D V scored 
posi t ive in all E L I S A s , except in t he CSFV-specific C V L - 2 E L I S A . 
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TABLE I I 

Re-isolation of classical swine fever virus* from serum of pigs at various times 
post-inoculation (shaded area indicates workshop period) 

dpi- P i g i Pig 2 Pig 3 Pig 4 Pig 5 Pig 6 

4 - - N T N T N T N T 

5 N T N T - - - -
6 N T N T N T N T - 0.7 
7 0.7 - 2.0 2.0 - 1.5 
8 N T N T 2.7 3.0 N T N T 

9 2.7 2.5 2.7 3.3 1.7 2.7 
10 N T N T 3.3 3.0 N T N T 

11 3.0 2.5 N T N T N T N T 
12 N T 3.3 N T N T N T N T 

13 N T 2.0 2.7 N T N T N T 
14 N T 2.0 N T 2.3 3.3 3.3 

* log 1 0 titre of virus as 50% tissue culture infective dose per 0.1 ml of serum 
d.p.i.: no. of days post-inoculation 

NT: not tested 
- no virus isolated 

This s t u d y c o n c e n t r a t e d o n e v a l u a t i o n of v i r a e m i a in t h e e a r l y p o s t - i n o c u l a t i o n 
period, as th i s is t h e t i m e w h e n c l in ica l s igns m a y b e i n a p p a r e n t o r n o n - s p e c i f i c a n d 
when sero logica l t e s t s a r e gene ra l l y i n a p p r o p r i a t e . T h e D i e p h o l z 1 /Han94 i so l a t e w a s 
chosen for i n o c u l a t i o n of t h e p ig s , as it is a r e c e n t f ie ld i s o l a t e . I t h a s b e e n s h o w n t o 
cause 9 0 % m o r t a l i t y in i n o c u l a t e d w e a n e r s , a l t h o u g h d e a t h s d id n o t occu r un t i l 17-25 
d.p.i. (4). In t he p r e s e n t study, t h e pigs w e r e ki l led at 15 d.p.i. and , a l t h o u g h t h e y b e c a m e 
pyretic f rom 6 d.p.i., t h e y did n o t d e v e l o p m a r k e d signs of il lness or b e c o m e m o r i b u n d . 
As p r e v i o u s l y r e p o r t e d , v i r u s i s o l a t i o n f r o m l e u k o c y t e s w a s m o r e s e n s i t i v e t h a n 
isolation f rom s e r u m and , us ing t h e fo rmer t e c h n i q u e , t h r e e of six pigs b e c a m e v i raemic 
before t he o n s e t of fever. V i r a e m i a p e r s i s t e d in all six pigs for as l ong as s a m p l e s w e r e 
taken and u p to 14 d.p.i. In v iew of t h e r a n g e of v i ru l ence a m o n g C S F V iso la tes , o t h e r 
challenge s t r a ins w o u l d b e e x p e c t e d t o p r o d u c e v i r a e m i a a n d clinical s igns of v a r i a b l e 
duration and intensi ty. 

As mos t of t h e E L I S A s ut i l ised h a d n o t b e e n fully va l ida ted , pos i t ive /nega t ive cut-off 
levels w e r e e s t a b l i s h e d by r e f e r e n c e t o t h e r e s u l t s o b t a i n e d w i t h t h e p r e - c h a l l e n g e 
samples. M o r e ex tens ive va l ida t ion , as h a d b e e n c o n d u c t e d in t h e case of t h e Sere l i sa , 
might have r e q u i r e d different cut-off po in t s to b e used . I n fact, if t he s a m e m e t h o d was 
used for ca l cu la t ing t h e cut-off for t h e Se re l i s a as for t he o t h e r t e s t s , o n l y a m a r g i n a l 
qual i ta t ive d i f f e r e n c e in t h e S e r e l i s a r e a d i n g s r e s u l t e d , w i t h o n e s a m p l e b e c o m i n g 
positive ins tead of doub t fu l pos i t ive a n d o n e s a m p l e b e c o m i n g doub t fu l pos i t ive i n s t ead 
°f negative. C o m p a r e d to virus i so la t ion f rom l eukocy te s , t h e e v a l u a t e d a n t i g e n - c a p t u r e 
ELISAs w e r e specific, b u t less sens i t ive for t h e d e t e c t i o n of very ea r ly v i r a e m i a , o f ten 
requiring an ex t ra day o r two to h a v e e l apsed be fo re a posi t ive resul t was o b t a i n e d f rom 
individual p i g s . B y 9 d .p . i . , h o w e v e r , a l l s a m p l e s w e r e c o n s i s t e n t l y p o s i t i v e w i t h 
all assays . I t s h o u l d b e b o r n e in m i n d t h a t t h e r e l a t i v e l y l o w s e n s i t i v i t i e s of s o m e 
ant igen-capture E L I S A s s h o w n in T a b l e I V ref lec t t h e m a n y w e a k l y pos i t i ve s a m p l e s 
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TABLE I V 

Proportion of samples positive at different days post-inoculation Overall 
1-4 d.p.i. S d.p.i. 6 d.p.i. 7 d.p.i. 8 d.p.i. 9-14 d.p.i. sensitivity* 

Virus isolation (a) 0/6 3/4 2/2 6/6 2/2 11/11 100% (24/24) 
Virus isolation (b) 0/10 0/4 1/2 4/6 2/2 17/17 7 5 % (18/24) 
Serelisa (c) 0/10 0/4 0/2 3/6 2/2 10/10 65 % (15/23) 
Serelisa (d) 0/10 0/4 0/2 0/6 1/2 10/11 4 5 % (11/24) 
CVL-1 0/9 0/4 0/2 1/6 1/1 10/10 6 0 % (12/20) 
CVL-2 0/10 0/4 0/2 6/6 2/2 10/10 7 8 % (18/23) 
Perugia 0/8 1/4 0/2 2/4 2/2 8/8 6 8 % (13/19) 
EO-SADA 0/7 1/4 1/2 3/4 2/2 8/8 7 8 % (15/19) 
HAN-1 1/9 1/4 0/2 4/6 2/2 11/11 7 5 % (18/24) 
HAN-2 0/6 1/4 0/2 3/6 2/2 10/10 6 6 % (16/24) 

d.p.i.: no. of days post-inoculation 
* no. of samples positive or doubtful positive as a proportion of no. positive by virus isolation from 

buffy coat samples, excluding results where virus isolation from buffy coats was not performed 
a) from buffy coats 
b) from serum 
c) using blood with ethylenediaminetetraacetic acid 
d) using serum 

examined, a n d g r e a t e r sensi t iv i ty c o u l d p r o b a b l y b e a c h i e v e d wi th field s a m p l e s f r o m 
n a t u r a l l y - o c c u r r i n g c a s e s . A p r e v i o u s c o m p a r i s o n b e t w e e n v i r u s i s o l a t i o n a n d a n 
ant igen-capture E L I S A , us ing a h y p e r - i m m u n e B V D V a n t i s e r u m as c a p t u r e a n t i b o d y 
and a n t i - p l 2 0 / 8 0 M A b s as i m m u n o l o g i c a l d e t e c t o r s , a l so c o n c l u d e d t h a t E L I S A was 
highly specific bu t slightly less sensi t ive (14) . A cha l l enge inocu la t ion wi th a low v i ru len t 
CSFV stra in ( B a k e r A ) was f o u n d to p r o d u c e a v i r a e m i a wh ich was n o t d e t e c t e d at all 
by E L I S A . 

M o s t p r e v i o u s p u b l i c a t i o n s o n a n t i g e n - c a p t u r e E L I S A s fo r p e s t i v i r u s e s h a v e 
repor ted o n t h e d e t e c t i o n of v i r u s in t i s s u e s , l e u k o c y t e s s e p a r a t e d f r o m p e r i p h e r a l 
blood (5 , 6, 7, 8, 1 1 , 12 , 1 3 , 14) o r u n s e p a r a t e d , a n t i - c o a g u l a t e d b l o o d ( 1 , 2 , 1 5 ) . 
Leukocy te s e p a r a t i o n h a s b e e n a c h i e v e d by c e n t r i f u g a t i o n , f lash lysis o r f i l t r a t i o n . 
In the case of E L I S A s for t he de t ec t i on of ca t t le pers i s ten t ly infected wi th B V D V , m o s t 
tests have ut i l ised an t i -p l20 /80 M A b s and d o n o t re l iably de t ec t these p ro t e in s in s e r u m 
(D.J. Pa ton , u n p u b l i s h e d f indings) . J .C . T h i b a u l t ( p e r s o n a l c o m m u n i c a t i o n ) , howeve r , 
reports tha t a p l20/80-speci f ic tes t can identify pes t iv i rus an t igen in se ra col lec ted f rom 
pe r s i s t en t l y - in f ec t ed c a t t l e , a l b e i t l e ss r e l i a b l y t h a n if l e u k o c y t e s a r e i n c l u d e d . 
Prel iminary i n d i c a t i o n s a r e t h a t s i m i l a r r e s u l t s c a n b e a c h i e v e d for t h e d e t e c t i o n of 
CSFV in p ig s e r a ( 2 , 1 0 ) . A t e s t for B V D V v i r a e m i a h a s b e e n r e p o r t e d u s i n g b o t h 
anti-gp48 a n d a n t i - p l 2 0 / 8 0 M A b s (12) a n d , in th i s c a s e , t h e a u t h o r s s t a t e d t h a t 
unseparated an t i - coagu la t ed b l o o d did con ta in d e t e c t a b l e levels of gp48 . 

In t he p r e s e n t s tudy , t h e d i f f e r e n t a n t i g e n - c a p t u r e E L I S A s u t i l i s e d a v a r i e t y of 
methods for b l o o d s a m p l e p r e p a r a t i o n . S e r u m c a n b e p r e p a r e d r e a d i l y f rom c l o t t e d 
blood, a n d it w o u l d b e h igh ly a d v a n t a g e o u s t o b e a b l e t o p e r f o r m b o t h s e r o l o g y a n d 

Sensitivity of different antigen enzyme-linked immunosorbent assays (ELISAs) 
in testing for classical swine fever at various times post-inoculation 
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an t igen de tec t ion on a single p r e p a r a t i o n . Only two tests used s e rum, t he E O - S A D A test 
(which was specifically des igned for this p u r p o s e ) a n d t h e Serel isa (which was n o t ) . The 
E 0 - S A D A is specific for t h e E0 o r gp44/48 p r o t e i n , w h i c h is p r e s e n t a t a h igh level in 
s e r u m as it is secre ted from infected cells (R. S tark , u n p u b l i s h e d f indings) . T h e Serelisa 
is p l 2 0 / 8 0 - s p e c i f i c a n d is less s e n s i t i v e a t d e t e c t i n g th i s p r o t e i n in s e r u m t h a n in 
l e u k o c y t e s . T h e e x p l a n a t i o n for t h e a p p a r e n t p r e s e n c e of t h e p l 2 0 / 8 0 n o n - s t r u c t u r a l 
p r o t e i n in s e r u m is n o t k n o w n . S e r u m s a m p l e s f rom t h e six i n o c u l a t e d pigs w e r e also 
t e s ted by t h e gp55-specific C V L - 2 E L I S A (da ta n o t shown) , b u t pigs tes t ing posi t ive by 
v i ru s i s o l a t i o n c o u l d n o t b e d i s t i n g u i s h e d f r o m t h e o t h e r s . T h e r e m a i n i n g E L I S A s 
ut i l i sed l eukocy te s a n d / o r o t h e r b l o o d c o m p o n e n t s d e r i v e d f rom E D T A b l o o d . In the 
case of t he H A N - 1 , H A N - 2 a n d Serel isa tes ts , de t e rgen t - lysed , u n s e p a r a t e d b l o o d was 
e x a m i n e d af ter m i n i m a l s a m p l e p r e p a r a t i o n . A p r e v i o u s r e p o r t i n d i c a t e d t h a t use of 
s e p a r a t e d l eukocy tes inc reased t h e sensit ivity of t h e Serel isa (15) . T h e Pe rug ia , CVL-1 
a n d C V L - 2 t e s t s u s e d s e p a r a t e d l e u k o c y t e s p r e p a r e d by e i t h e r f i l t r a t i o n or 
centr i fugat ion. F i l t ra t ion is very rap id bu t increases t h e cost of ma te r i a l s u s e d in t he test. 
F u r t h e r m o r e , al l t h r e e t e s t s r e q u i r e a n t i - c o a g u l a t e d b l o o d w h i c h h a s n o t been 
previously frozen. 

O n l y t h e gp55-specif ic C V L - 2 tes t was specific for CSFV, a n d th is t e s t is of limited 
value in the p re sen t form, as it does n o t recognise all s t ra ins of CSFV. It was inc luded in 
t he eva lua t ion in o r d e r t o assess t he po ten t i a l of a gp55-specific assay. It cou ld possibly 
b e modi f ied t o de t ec t all s t ra ins by r e p l a c e m e n t of t h e c a p t u r e M A b wi th a polyclonal 
a n t i s e r u m whi l e r e t a i n i n g t h e d e t e c t o r M A b , w h i c h r e c o g n i s e s all C S F V s . A l l of the 
o t h e r E L I S A s d e t e c t e d B V D V in t h e b l o o d of a p e r s i s t e n t l y v i r a e m i c calf a n d might 
also de tec t B V D V or B D virus ( B D V ) in pigs. This lack of specificity is n o t considered 
crucia l , however , as v i r a e m i a wi th B V D V or B D V is r a r e a n d , in m o s t app l ica t ions , a 
posi t ive diagnosis by E L I S A wou ld n e e d to b e conf i rmed by s u b s e q u e n t v i rus isolation, 
w h e n different iat ion could b e m a d e . 

A l l of t h e E L I S A s a r e v e r y r a p i d c o m p a r e d t o v i r u s i s o l a t i o n , w h i c h no rma l ly 
requ i res a m i n i m u m of t h r e e days. T h e E L I S A s a re also s imple t o p e r f o r m , r e q u i r e little 
sophis t ica ted e q u i p m e n t and a re a m e n a b l e to a u t o m a t e d r ead ing . F o r this r ea son , these 
tes ts a r e very p romis ing too l s for s c reen ing l a rge n u m b e r s of b l o o d s a m p l e s f rom live 
pigs, w h e r e a r ap id decis ion is r e q u i r e d on w h e t h e r o r n o t t h e an imals a r e infected. This 
s i t u a t i o n h a s f r e q u e n t l y a r i s e n d u r i n g r e c e n t e p i d e m i c s of C S F V in E u r o p e . For 
e x a m p l e , d u e t o t h e l imi ta t ions of v i rus i so la t ion , o u t b r e a k s of d i sease in r eg ions with 
dense pig popu la t ions have resu l ted in t he p reven t ive s l augh te r of pigs o n neighbouring 
p r e m i s e s w i t h o u t e v e n e s t a b l i s h i n g t h e i r v i r o l o g i c a l s t a t u s . A r a p i d a s s e s s m e n t by 
E L I S A could p rov ide add i t i ona l ep idemio log ica l i n f o r m a t i o n a n d / o r o b v i a t e t he need 
for s laughter . T h e tes ts cou ld a lso b e u s e d to r e d u c e t he r isk of t r a d i n g v i r a e m i c pigs. 
Def ic ienc ies in t h e sensi t ivi ty of E L I S A cou ld b e l a rge ly offset b y t e s t i ng a sufficient 
p r o p o r t i o n of an ima l s in any g r o u p . A n a l t e r n a t i v e a p p r o a c h w o u l d b e t o tes t all pigs 
showing pyrex ia , as m o s t pigs in t h e p r e s e n t s t u d y b e c a m e E L I S A pos i t ive a t or soon 
after t he onse t of fever. F u r t h e r va l ida t ion of an t i gen -cap tu re E L I S A s is still necessary, 
p a r t i c u l a r l y w i t h r e s p e c t t o d e t e c t i o n of i n f e c t i o n in d i f f e r e n t a g e g r o u p s of pigs, 
de tec t ion of infection wi th different s trains of CSFV, de t ec t i on of ch ron ic a n d persistent 
infections, a n d full field eva lua t ion . 
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CONCLUSIONS 

Several ELISAs have been developed to detect CSFV antigens in blood, using double 
antibody sandwich methods and different types of antibody, directed at various virus-
specific proteins. Some of the ELISAs can use serum, while others require anti-
coagulated whole blood or leukocyte preparations. All ELISAs proved able to detect 
CSFV infections at approximately the time when fever develops, but none were quite as 
sensitive as virus isolation for detection of very early viraemia. All ELISAs presented 
(except CVL-2) are not CSFV-specific, also being able to detect persistent B V D V 
infection in cattle. Further validation of the tests is required, particularly in relation to: 

- detection of infection in different age groups of pigs 

- detection of infection with different strains of CSFV 

- detection of chronic and persistent infections 

- field evaluation. 

These tests are promising tools for the early and rapid screening for infection of large 
numbers of live pigs. As herd tests, in combination with serology, ELISAs could offer an 
alternative to preventive slaughtering and could reduce the risk of trading viraemic pigs. 

* 
* * 

ÉVALUATION DE LA TECHNIQUE IMMUNO-ENZYMATIQUE APPLIQUÉE AU 
DÉPISTAGE ET À LA DÉTECTION RAPIDES DES ANTIGÈNES DU VIRUS DE 
LA PESTE PORCINE CLASSIQUE DANS LE SANG DE PORCINS. - K. Depner, 
DJ. Paton, C. Crucière, G.M. De Mia, A. Müller, F. Koenen, R. Stark et B. Liess. 

Résumé : Lors d'un atelier expérimental, sept épreuves immuno-enzymatiques 
(enzyme-linked immunosorbent assay : ELISA) ont été comparées à la 
méthode de l'isolement du virus pour la détection de la virémie dans une série 
de prélèvements sanguins effectués sur six porcs dans les quatorze jours suivant 
l'inoculation du virus de la peste porcine classique. Toutes les épreuves ELISA 
étaient de type « sandwich » à double anticorps et utilisaient des anticorps 
monoclonaux pour déceler un ensemble de protéines virales dans les leucocytes 
ou dans du sang ou du sérum non coagulé. Les épreuves ELISA présentaient 
une bonne spécificité par rapport à l'isolement du virus : un seul prélèvement, 
dans lequel le virus n'avait pas été isolé, a réagi positivement à un test ELISA. 
De faux résultats ont été observés jusqu'à huit jours après l'inoculation, mais 
toutes les épreuves ont donné des résultats positifs de neuf à quatorze jours 
après l'inoculation. Les tests ELISA nécessitent des installations moins 
spécialisées et sont plus rapides que la méthode d'isolement du virus. Ce sont, 
par conséquent, des outils extrêmement prometteurs pour le dépistage de la 
maladie dans de grands effectifs de porcins vivants. 

MOTS-CLÉS : Antigène - ELISA - Peste porcine classique - Virémie. 

* * 
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EVALUACIÓN DE LA TÉCNICA DE INMUNOENSAYO ENZIMATICO PARA 
UNA RÁPIDA EXPLORACIÓN Y DETECCIÓN EN SANGRE DE CERDO DE LOS 
ANTÍGENOS DEL VIRUS DE LA PESTE PORCINA CLÁSICA. - K. Depner, 
DJ. PatOn, C. Crucière, G.M. De Mia, A. Müller, F. Koenen, R. Stark y B. Liess. 

Resumen: Los autores describen un taller experimental en el que siete 
inmunoensayos enzimáticos (enzyme-linked immunosorbent assay: ELISA) 
fueron confrontados, en cuanto a su capacidad de detección de viremias, con la 
técnica de aislamiento del virus. Para ello se utilizó una serie de muestras 
sanguíneas tomadas de seis cerdos hasta catorce días después de inocularlos 
con el virus de la peste porcina clásica. Todas las pruebas ELISA aplicadas 
fueron del tipo «sandwich» mediante doble anticuerpo, con el empleo de 
anticuerpos monoclonales y/o policlonales para la detección de diversas 
proteínas víricas ya fuera en leucocitos, o en suero o sangre tratados con 
anticoagulantes. En comparación con el método del aislamiento en cultivo, la 
especificidad de las técnicas ELISA resultó buena: tan sólo en un caso una 
prueba ELISA dio un resultado positivo para una muestra identificada como 
negativa por la técnica de aislamiento del virus. También se produjeron algunos 
resultados falsos negativos con muestras recogidas hasta ocho días después de 
la inoculación, pero todas las pruebas arrojaron un resultado positivo para las 
muestras tomadas entre los nueve y los catorce días siguientes a la inoculación. 
Las técnicas ELISA requieren instalaciones menos especializadas y pueden 
practicarse con mucha más rapidez que el aislamiento del virus. Por ello 
constituyen una herramienta muy prometedora para la realización de exámenes 
serológicos masivos de cerdos. 

PALABRAS CLAVE: Antígeno — ELISA — Peste porcina clásica — Viremia. 

* 
* * 
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