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Summary. - A new RIBA-3 (Chiron-Ortho Diagnostic System) was 
performed for  discriminating uninterpretable results of  RIBA-2. 
Recognition of antibodies to hepatitis C virus by RIBA-2 and RIBA-3 
was compared among 95 ELISA-2 (second generation ELISA) posi­
tive blood donors  and  correlated with alanine-aminotransferase 
(ALAT)  levels and  viremia, using polymerase chain reaction (PCR).  
T h e s e  studies led t o  three  important  conclusions. First, all ELISA-2-
positive, RIBA-2-positive and  ALAT-positive samples  were found  
viremic compared  with 73 % of  ELISA-2-positive, RIBA-2-positive 
and  ALAT-negative samples. T h e n ,  t h e  comparison of  t h e  different 
RIBAs allowed t o  conclude that  RIBA-3 was m o r e  sensitive bu t  less 
specific than  RIBA-2. RIBA-3 was interesting t o  discriminate unde­
termined RIBA-2, owing t o  an improved specificity of  C100-3 anti­
gen.  In fact, mos t  of  t he  C100-3 positive, RIBA-2 undetermined 
samples became RIBA-3 negative whereas  C22-3 positive, RIBA-2 
undetermined samples  became RIBA-3 positive or  undetermined.  
Finally, a significant correlation was found  between t h e  presence of 
antibodies against C33-c antigen and  viremia. 

Key words: hepatitis C virus; recombinant immunoblot assay; reverse 
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Introduction 

In recent years, non-A,  non-B hepatitis has  be c ome  t h e  most  c o m m o n  fo rm of  
post-transfusion hepatitis (Aach  et at., 1991). Its major  etiologic agent,  hepatitis 
C virus (HCV),  was identified using a recombinant  immunoscreenning  approach 
(Choo  et al., 1989; K u o  et al., 1989). Viral g e n o m e  is a positive-sense, single 
stranded RNA,  approximately 10 kb long with a single long open-reading f rame,  
and  is probably a m e m b e r  of  t he  Flaviviridae family (Miller and  Purcell, 1990). 
A n  i m m u n o d o m i n a n t  region, designated clOO and  encoded by t h e  putative 
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nonstructural protein 4 (NS4) gene, has been expressed, purified, and incorpora­
ted into ELISA that  is useful  fo r  detecting ant ibodies  t o  H C V  in infected blood 
( K u o  el al., 1989; Miyamura  el al., 1990). It has  be c ome  clear that  this  assay was 
nei ther  sensitive nor  specific (Hsu  et al., 1991; Van der  Poel  et al., 1990; Weiner  
el al., 1990). A s  with t h e  first generation tests, t h e  second generation ELISA-2 
could yield false positive reactions, and  specificity was improved by t h e  
deve lopment  of  RIBA (Boudart  et al., 1992; Follett  el al., 1991; Van der  Poel et 
al., 1991). T h i s  assay represented a preliminary approach but  it does  no t  provide 
definitive confirmation of H C V  infection because of  t h e  presence of  uninterpre-
table, unde te rmined  results. A new four  antigen RIBA-3, in which 5.1.1 antigen 
is replaced by NS5 antigen,  and  recombinant  C100-3 and C22-3 antigens are 
replaced by synthetic C100-3 and  C22-3 peptides, has been developed by Chiron-
Or tho  Diagnostic System to  differentiate undetermined RIBA-2. 

Purpose  of  o u r  study was to  compare ,  a m o n g  H C V  ELISA-2-positive t ransfu­
sion samples,  results obtained with second generation RIBA, A L A T  levels and  
viremia using PCR. T h e n ,  sensitivity and  specificity of  second and  third 
generation RIBA was checked,  and  t h e  utility of  RIBA-3 to  discriminate 
unde te rmined  RIBA-2 samples  was examined.  

Materials and Methods 

Anii-IIC'V testing S c r u m  sample s  o l ' 95  ELISA-2-posilivc d o n o r s  were  retcsled us ing RIBA-2 a n d  
RIBA-3 (Ch i ron -Or lho  Diagnost ic  Sys tem,  Roissy, France) ,  according t o  manufac tu re r ' s  instruc­
t ions.  

Oligonucleotide*. P C R  was  pe r f o r m e d  a s  a t w o  s t ep  reaction with a pair o f  "nes ted"  p r imers  (Fdray 
el al., 1992) localized in t h e  5 '  non-cod ing  region a n d  consist ing o f  a n  o u t e r  p r imer  pair, H-72 (5'-
G C C - A T G - G C G - T T A - G T A - T G A - G T - 3 ' ) ,  s tart ing al  m a p  position 72 and  H-327 ( 5 ' - T G C - A C G -
G T C - T A C - G A G - A C C - T - 3 ' ) ,  s tar t ing a l  m a p  position 327, a n d  a n  inner  p r imer  pair, H-93 ( 5 ' - G T G -
C A G - C C T - C C A - G G A - C C C - C C - 3 ' ) ,  s tarl ing al  m a p  position 93  a n d  H-304 ( 5 ' - G G G - C A C - T C G -
C A A - G C A - C C C - T A T - 3 ' ) ,  s tarl ing at m a p  position 304 (Kato  et a/., 1990). 

RNA purification, reverse transcription, anil PCR. R N A  was  prepared according t o  t h e  guan id in ium-
phcnol -ch loroform m e t h o d  (Chomczynski  a n d  Sacchi,  1987) wilh slight modif icat ions .  Briefly, 
200 //I o f  t h e  p lasma s a m p l e  was  mixed with 500 fi\ o f  extraction bu l lc r  (4 mol / l  guan id ium 
thioeyanalc ,  2 5  m m o l / l  s o d i u m  citrate p H  7.0, 0 . 5 %  sarkosyl a n d  7 %  mcrcaploe lhanol ) ,  9 0  //I 
s o d i u m  ace ta te  2 mol / l  p H  4.0, 500 n \  pheno l  a n d  100 / d  chloroform-isoamylacohol  (24:1). Lysáte 
w a s  ccntrifugalcd, the water phase  isopropanol precipitated and washed using 70 % elhanol. Dried 
pellets were  resuspended in 40 fi\ DEPC-treated water and healed a l 6 5  " C  for 10 min to denature the  
RNA. 

Synthesis  o f  cDNA w a s  carried out in a v o l u m e  o f  20 / j |  containing 12 fj\ o f  RNA, 20 units o f  
ribonuclcasc inhibitor (Bochringcr-Mannheim), 0.2 //g o f  random hexanuclcolides (Bochringer-
Mannheim), I mmol/l o f  each dN'I 'Ps (Pharmacia), I mmol/l MgCI2, 2 //I o f  10 x PCR buf fe r  
(Bochringcr-Mannheim), and 10 units o f  M-MLV reverse transcriptase (Bochringcr-Mannheim). 
T h e  reaction proceeded al 20 " C  for 10 min, followed by 45 min at 42 "C, boiling for  5 min and 
chilling on ice. 

cDNA product w a s  amplified in a 50 /i\ reaction containing 0.2 mol/l dNTP, 1.25 unit T a g  
polymerase (Amersham),  0.1 / jg  o f  each primer, and then overlaid wilh 50 //I o f  light mineral oil 
(Sigma). T h e  reaction w a s  performed for  30 cycles, including dcnaturalion at 94 " C  for 45 sec, primer 
annealing al 45 " C  for  45 sec  and primer extension al 72 " C  for I min in a programmable Thermal 
Cycler (Perkin-Elmcr Cetus). Al ter  i h c  first amplification, 5 //I o f  the PCR product w a s  amplified 
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with t h e  corresponding inner primer pair and reaction w a s  performed a s  above.  A f t e r  the  second 
amplification, 10/^1 o f  t h e  PCR product w a s  analyzed by  electrophoresis in ethidium bromide  stained 
Nusieve-agarose gel (FMC Bioproducts-TEBU) and visualized under  ultraviolet light. 

Controls. W e  u s e  t h e  contamination prevention measures  o f  Kwok and Higuchi (1989). A result 
was  considered a s  positive when  a base  pair product corresponding t o  t h e  segment  amplified by  t h e  
inner primer pair (211 bp) w a s  clearly visualized. Negative and positive controls w e r e  added during 
each step, and a result w a s  considered valid if these  controls were  correct. 

Results 

HCV confirmatory PCR of RIBA-2-positive and ELISA-2-positive blood donors 
HCV ELISA-2-positive plasma resulted from 95 volunteer blood donors in the 

Blood Transfusion Center in Marseille. W e  have used PCR to detect HCV RNA 
and have compared our results with positive-, undetermined-, and negative-
RIBA-2 samples. HCV RNA detection was done using the reverse transcriptase-
"nested" PCR (Garson et al., 1990) with primers derived from the highly 
conserved 5' non-coding region (Féray et al., 1992; Han et al., 1991). T h e  
presence of  HCV RNA was evaluated after 2-3 independent assays. In a popula­
tion with A L A T  < n (n = 35 for  w o m e n ,  and  n = 45 for  men) ,  w e  found  a good 
correlation between viremia and  RIBA-2 reactivity; all RIBA positive samples  
were positive (25/25) fo r  H C V  R N A  (Table 1) while, in t h e  population with 
A L A T  < n ,  only 73.5 % (25/34) of  RIBA reactive samples  were viremic (Table  1). 
All C33-c non-reactive samples were negative (3/3) fo r  H C V  RNA.  

20 of  21 (95.2 %) unde te rmined  RIBA-2 samples  did no t  react with PCR. T h e  
o n e  that  did exhibited a single band of  t h e  core protein (C22) and became 
positive with t h e  RIBA-3. In o u r  study, all RIBA-2 non-reactive samples  were  
negative for  H C V  RNA.  

RIBA-2 and RIBA-3 reactivity 
RIBA-2 and  RIBA-3 comparison,  according to  t h e  viremia, showed o n  o n e  

hand tha t  all PCR-reactive samples  were found  positive in RIBA-3 and  that  t he  
n u m b e r  of  undetermined samples  decreased (21 to  8) (Table 2). O n  t h e  o the r  
hand,  w e  found  that  three negative RIBA-2 samples  became undetermined  and  
that  t he  n u m b e r  of  RIBA-3-reactive and  PCR-negative samples  increased (9 t o  
15). O n e  RIBA-2-positive sample  was RIBA-3-indeterminate,  because of  t h e  
substitution of t he  5.1.1 antigen by NS5 antigen and ,  another  RIBA-2-positive 
sample was RIBA-3-negative because of  t h e  substitution of  t he  5.1.1 antigen and  
a better specificity of  C100-3 antigen. 

T h e n ,  w e  have studied sensitivity and  specificity of  t h e  RIBA-3 antigens 
concerning t o  RIBA-2 antigens o n  ELISA-2-positive blood samples  (Table  3). 
W e  have found  that  C100-3 antigen provided in RIBA-3 was m o r e  sensitive and  
specific than t h e  o n e  f rom  RIBA-2 (45 compared with 24 in t he  viremic 
population; 13 compared with 16 in t he  non-viremic population).  C33-c RIBA-3 
antigen seems  m o r e  sensitive (100% compared with 9 8 %  reactivity in t h e  
viremic population) bu t  less specific (13.6 % compared  with 22.7 % reactivity in 



126 C H I C H E P O R T I C H E ,  C .  el al. 

T a b l e  1. Distribution of resu l t s  of RIBA-2 and PGR in 9 5  s a m p l e s  posit ive b y  E L I S A - 2  f o r  H C V  

RIBA-2 pattern 
PCR r e s u l t s  % posit iv i ty  

5.1.1 C100-3 C33-c C-22 

RIBA-2 pos i t ive ,  A L A T  > n 2 5 / 2 5  100 
+ + + + 13/13 100 

+ + + 1/1 100 
+ + 8/8 100 

+ - + + 3 / 3  100 

RIBA-2 pos i t ive,  A L A T  < n 25/34  73.5 
+ + + + 7 / 1 0  7 0  

+ + + 3 / 4  7 5  
+ + 13/14 92 .6  

+ - + + 2/2  100 
+ - + 0/2 0 

+ + - - 0/2 0 

RIBA-2,  " i n d e t e r m i n a t e "  1/21 4 .8  
+ - - 0 / 8  0 

+ 1/12 8.3 
+ - 0/1 0 

( + ) pos i t i ve ;  ( - )  n e g a t i v e  

T a b l e  2 .  Comparison of RIBA-2 and RIBA-3 resul ts  in respect  to viremia 

RIBA-2 RIBA-3 
PCR 

Pos .  Ind. N e g .  Pos .  Ind. N e g .  

Pos i t ive  (51)  5 0  I 0 51 0 0 
N e g a t i v e  (44) 9 2 0  15 15 8 21 

(Pos .)  pos i t ive ;  (Ind.)  i n d e t e r m i n a t e ;  (Neg.)  n e g a t i v e  
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T a b l e  3 .  Comparison of RIBA-2 a n d  RIBA-3 ant igen ' s  distributions with regard to v iremia 

RIBA-2 RIBA-3  
PCR 

5.1.1 C100-3 C33-C C22-3 N S 5  C100-3 C33-c C 2 2 - 3  

Posi t ive  (51) 2 5  2 4  5 0  51 3 0  4 5  51 51 
N e g a t i v e  (44) 5 16 6 18 6 13 10 17 

Table  4 .  Distribution of RIBA-2 and RIBA-3 antigens  reactivity in 21 indeterminate RIBA-2 s a m p l e s  

RIBA-2 RIBA-3 
C o d e  PCR 

5.1.1 C100-3 C33-Ľ C22-3 R. NS5  ClOO-3 C33-c C22-3 R. 

DH Pos .  - 4 Ind.  3 - 4 4 Pos .  
A W  Nog.  - 3 Ind.  - 2 2 4 Pos .  
BA N e g .  - 2 Ind.  - 1 - 3 Pos .  
Bl N e g .  - 3 Ind. 1 - - 4 Pos.  
BP Neg.  - 3 Ind. - 2 2 4 Pos.  
BX N e g .  - 4 Ind. - - 1 4 Pos.  
C F  N e g .  4 Ind.  2 2 2 2 Pos .  
CI N e g .  - 1 Ind.  1 4 4 4 Pos .  
A l  N e g .  - 1 Ind.  - - - 4 Ind.  
A Y  N e g .  - 1 Ind.  - - - 2 Ind.  
BN N e g .  - 1 Ind.  - - - 3 Ind.  
C X  N e g .  1 - In r. - 1 - - Ind.  
D C  Neg.  - 1 Ind. - - - 3 Ind. 
A T  N e g .  1 - Ind. - - - - N e g .  
A V  N e g .  1 - Ind. - - - - N e g .  
BE N e g .  2 - Ind.  - - - - Neg.  
BR N e g .  2 - Ind.  - - - Neg.  
C Y  N e g .  1 - Ind.  - - - - Neg.  
D D  N e g .  - 1 Ind. - - - - Neg.  
DF N e g .  2 - Ind. - - - - Neg.  
DG Neg.  I - Ind. - ~ - Neg.  

(R.) R1BA resul t ;  (Pos.)  pos i t ive ;  (Ind.)  i n d e t e r m i n a t e ;  (Nog.) n e g a t i v e ;  (I t o  4) b lo t  s ignal  intensi ty  
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the nonviremic population), whereas NS5 and 5.1.1 antigens possess equal 
sensitivity and specificity. W e  have also found an increased intensity of signals 
with all RIBA-3 antigens (data not shown). On the other hand, only C22-3 and 
chiefly C33-c antigen (x 2 ,  p < 0.01) correlated well with viremia (Table 3), 84 % 
to 89 % and 74 % to 75 % o f  samples with C33-c and C22-3 being viremic, 
respectively. 

Confirmation of undetermined RIBA-2 by RIBA-3 
A m o n g  21 undetermined RIBA-2 samples, RIBA-3 were positive for 8, 

undetermined for 5 and negative for 8 samples (Table 4). Interestingly, 9 1 . 6 %  
(11/12) of  RIBA-2 undetermined samples that became RIBA-3-positive or 
undetermined, were anti-C22-3 antigen reactive  ( x 2 ,  p <0.01) ;  whereas 87 .5% 
(7/8) of  undetermined RIBA-2 samples that became RIBA-3 negative were anti-
C100-3 reactive  ( x 2 ,  P < 0.01). T h e  single anti-C33-c reactive, RIBA-2 indetermi­
na te  sample  was RIBA-3-positive. PCR-positive, undetermined RIBA-2 sample  
was C22-3 antigen reactive 'and became positive with RIBA-3. In o u r  study, 
RIBA-3 allowed t h e  discrimination of 7 5 %  of RIBA-2 undetermined samples. 

Discussion 

H C V  ELISAs have a limited role in t h e  diagnosis of infected patients d u e  t o  
significant false positivity rate in low risk blood d o n o r  population (Hsu  et al., 
1991; Van d e r  Poel et al., 1990; Weiner  et al., 1990), and  supplementary tests, 
such as RIBA-1 and  RIBA-2 were purchased t o  aid in discriminating between t h e  
t rue  and  false positive results. Now,  a new four  antigens RIBA-3 has  been  
developed by Chiron-Ortho  Diagnostic System t o  characterize undetermined 
RIBA-2, using synthetic C100 and  C22 peptides and  by replacing 5.1.1 antigen 
(NS4 antigen) by NS5 antigen. Ano the r  approach t o  confirmation is t h e  
detection of  circulating H C V  R N A  by PCR applied to  H C V  c D N A  obtained by 
reverse transcription. Th i s  m e thod  is technically difficult b u t  allows direct 
detection of  t h e  viral g e n o m e  in clinical samples and  is very useful  in cases of  
presumed H C V  infection where  antibodies against H C V  antigens are no t  
detected (Alter  et al., 1989), for  undetermined RIBA (Follett  et al., 1991), and  for  
moni tor ing H C V  viremia (Farci et al., 1991) o r  interferon t rea tment  (Chayama  et 
al., 1991). 

Purposes of  this study were, first, t o  evaluate, in 95 ELISA-2-positive plasma 
samples  the  correlation between RIBA-2 and PCR in comparison with A L A T  
levels and ,  then ,  to  evaluate t h e  sensitivity and  the  specificity of  RIBA-2 and  
RIBA-3. O u r  PCR results suggest that  almost  all RIBA-2-positive donors  have 
HCV infection. All samples with A L A T  > n are  viremic compared with 73 % of  
samples  with A L A T C n .  T h e  9 PCR-negative, RIBA-2-positive donors  are 
present in t he  population with A L A T  < n and  may reflect a resolved hepatitis o r  
an absence of  replicating virus, a s  suggested by previous PCR studies (Farci et 
al., 1991). 
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T h e  proportion o f  HCV RNA positive plasma samples according to reactivity 
toward 5.1.1, C100-3, C33-c and C22-3 RIBA-2 antigens are 83 %, 60 %, 89 % and 
74%,  respectively (Table 3). Compared with RIBA-2, NS5, C100-3 and C22-3 
RIBA-3 antigens have identical or m o r e  specific reactivity (83 %, 76  % and 75 %, 
respectively), whereas  RIBA-3 C33-c antigen (84 % reactivity) correlated less 
with viremia. Yet, w e  find a good correlation, particularly, between RIBA-2 C33-c 
antigen reactivity and HCV RNA positivity (x 2 ,  p < 0.01). C33-c s e e m s  to predict 
infectivity with high specificity. T h e s e  data are consistent with a hypothesis that 
C33-c antigen, which is encoded by the NS3 region o f  HCV g e n o m e  and is 
associated with helicase activity necessary for  HCV multiplication (Houghton  el 
a/., 1991) is a good marker o f  HCV viremia (Martinot-Peignoux  et al., 1992). 

In our study, the third generation RIBA-3 decreases the n u m b e r  o f  undetermi­
ned pat terns  present  with t h e  second  genera t ion  RIBA-2, allows t h e  recognition 
of all viremic samples ,  b u t  correlates  less with t h e  detect ion o f  H C V  g e n o m i c  
material (Table  2). Indeed ,  w e  find 6 addit ional  RIBA-3-positive, PCR-negat ive 
samples.  In addi t ion,  d u e  t o  t h e  rep lacement  o f  5.1.1 ant igen by N S 5  ant igen a n d  
t he  bet ter  specificity o f  C100-3 ant igen,  t w o  NS5-positive, C100-3-positive 
RIBA-2 samples  b e c o m e  RIBA-3 inde te rmina te  a n d  RIBA-3-negative, respecti­
vely; t hese  t w o  samples  a re  PCR-negative.  Fif ty-nine percent  o f  viremic p lasma 
are f o u n d  N S 5  ant igen reactive; this  fact  m a y  probably result  f r o m  a greater  
heterogeneity o r  f r o m  a poor  immunogenec i ty  o f  this  ant igen.  

According t o  manufac tu re r ' s  instructions,  RIBA-3 m a y  b e  used  t o  discrimi­
nate  unde t e rmined  RIBA-2. A m o n g  u n d e t e r m i n e d  assays, RIBA-3 detects  eight 
additional positive samples  (Table  4), o n e  be ing  viremic. T h e s e  samples  possess 
C22-3 ant igen reactivity. Five samples  r emain  unde t e rmined ,  and  eight b e c o m e  
negative. Interestingly, w e  find a very good  correlation be tween  RIBA-2 reacti­
vity and  RIBA-3 results.  A lmos t  all undetermined-RIBA-2,  positive- o r  undeter -
mined-RIBA-3 samples  (11/12) possess RIBA-2 C22-3 ant igen reactivity whereas  
almost  all unde te rmined-RIBA-2  a n d  negative-RIBA-3 samples  (7/8)  possess 
RIBA-2 C100-3 ant igen.  In RIBA-2, anti  C100/3  reactivity can reflect a false 
positivity in contrary t o  C22-3 reactivity. A m o n g  unde t e rmined  RIBA-2, only 
o n e  sample  is C33-c reactive a n d  b e c o m e s  RIBA-3-positive. In o u r  s tudy,  
RIBA-3 allows t h e  discr iminat ion o f  7 5 %  o f  unde te rmined  RIBA-2. 

Briefly, several po in ts  e m e r g e  f r o m  t h e  present  s tudy.  O u r  data  indicate tha t  
almost  ail ELISA-2-positive a n d  RIBA-2-positive samples  a r e  viremic w h e n  
A L A T  > n .  T h e n ,  compar ison  o f  d i f ferent  RIBA allows t o  conc lude  that  RIBA-3 
is m o r e  sensitive bu t  less specific t h a n  RIBA-2; RIBA-3 is interesting t o  
discriminate u n d e t e r m i n e d  RIBA-2. In addi t ion,  we  find that  C33-c ant igen is 
a good prognost ic  marke r  o f  viremia.  
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