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Abstract

Background/Aim—A novel fluorescent
enzyme immunoassay (FEIA) for the
detection and quantification of serum
hepatitis C virus (HCV) core protein was
developed. The aim of this study was to
evaluate the relation among serum HCV
core protein level, HCV RNA level, and
HCV genotype in patients with chronic
HCY infection.

Patients and Methods—Serum HCV core
protein, HCV RNA, HCV genotype were
determined in 175 patients using the
FEIA, branched DNA .assay (Quantiplex
HCYV RNA ver 1-0), and serologically de-
fined genotyping assay, respectively. For
the specificity, all 13 patients seronegative
for anti-HCV were negative for serum
core antigen and HCV RNA by FEIA and
bDNA, respectively.

Results—FEIA assay seems to be more
sensitive than bDNA for patients with
HCYV type 2 infection (detection: 83:4% v
63+4%, p<0-01). There was a good overall
correlation between the FEIA and bDNA
results. However, when the patients were
stratified into their HCV types, a
correlation was observed in HCV type 1 but
not in type 2 infection. Patients with HCV
type 2 infection had a lower serum HCV
core protein level (median 56 RFI) com-
pared with type 1 infection (median 149
RFI, p<0-01). Thirty seven patients subse-
quently received interferon « therapy,
patients who showed a complete and sus-
tained response had a lower pretreatment
serum HCV core protein level compared
with patients who had a relapse and non-
responders (36 v 338 RFI, p<0:01).
Conclusions—This study showed that
FEIA (1) is a good assay for the detection
and quantification of serum HCV core
protein level, (2) is also very sensitive in
detecting HCV core protein in patients
with HCV type 2 infection, and (3) may
have a role as a predictor of subsequent
response to interferon therapy.

(Gut 1996; 39: 876-880)
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Hepatitis C virus (HCV) is believed to be
a member of flavivirus family and has a

single strand, positive-sense RNA genome,
which is believed to couple with core protein
to form the core particle covered by an
envelope.' Because of the low level of
circulating HCV particles and the lack of an
easily available cell culture or small animal
models, direct detection of HCV by con-
ventional techniques was deemed difficult,
if at all possible at the present time. So far,
diagnosis of HCV infection has relied on the
detection of antibody to HCV, an indirect
evidence for exposure to this viral agent.*”’
Detection of HCV genome was made possible
with the highly sensitive reverse transcription
polymerase chain reaction (RT-PCR),° and
recently, by the branched DNA signal amplifi-
cation assay (bDNA).” To elucidate the signifi-
cance of HCV viraemia in relation to disease
profile, pathobiology, and as a predictor of
response to interferon a (IFN) therapy, quanti-
fication assays are necessary, and techniques
based on PCR (for example, competitive PCR)
or bDNA are used by various investigators to
measure HCV viraemia level.”® With these
assays, the clinical and pathobiological
implications of HCV viraemia have been
extensively investigated.®!! However, with the
availability of more HCV genomic sequences,
it becomes obvious that even the highly
conserved regions of HCV genome do vary. As
a result, the quantitative bDNA assay was
found to underestimate HCV type 2 and 3
RNAs.!? 1 Newer molecular biology based
assays that can tackle this problem have been
designed and hopefully may solve this technical
issue.

Recently, a novel assay for the quantifica-
tion of serum HCV core protein was de-
scribed. As core proteins are contained
within the viral particle, serum levels of HCV
core protein should reflect HCV viraemia. This
fluorescent enzyme immunoassay (FEIA) is
based on the capture and detection of HCV
core protein by two highly affinity mono-
clonal antibodies.!* Based on nucleotide
sequence comparison, these two anti-
bodies were directed to the conserved
regions of the HCV core protein. The aim of
this study was to determine the applicability
of this assay in patients infected with different
HCV genotypes. In those patients who
subsequently received IFN therapy, pre-
treatment HCV core protein level in relation
to subsequent response to IFN was also
assessed.
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Methods

Patients

A total of 175 patients (male:female=100:75,
age=(mean (SD)) 56-7 (12-4) years) sero-
positive for antibody to HCV (anti-HCV,
second generation enzyme immunoassay,
Ortho Diagnostics, Raritan, NJ) were prospec-
tively studied. All patients were seronega-
tive for hepatitis B virus surface antigen
(radioimmunoassay, AUSRIA 2, Abbott
Laboratories, North Chicago, IL). Liver histol-
ogy confirmed chronic hepatitis (CH) in 84,
liver cirrhosis (L.C) in 37, and the remaining
54 patients were found to have hepatocellular
carcinoma (HCC) based on clinical and bio-
chemical information, serum o fetoprotein
levels, radiological findings and in 41 patients,
also confirmed by liver histology. In all samples
seropositive for anti-HCV, HCV RNA were
detected by RT-‘nested’ PCR with primers
derived from the highly conserved 5'-
untranslated region.® Thirteen patients sero-
positive for HBsAg and seronegative for anti-
HCV (male:female=9:4; age 45-8 (11-9)
years) were recruited as liver disease controls
(liver histology: CH in five, LC in five, and
HCC in three).

All serum samples were prospectively
collected at outpatient clinics and were
prepared, aliquoted, and stored at -80°C
within two hours. This method has been
previously shown to best preserve HCV RNA,
and possibly, viral particles.'’

Of the 84 patients with CH, 37 were sub-
sequently treated with lymphoblastoid
IFN (Sumiferon, Sumitomo Pharmaceuticals,
Japan), six million unit (MU) daily for two
weeks followed by six MU thrice weekly for 22
weeks (468 MU in total). The use of IFN was
approved by our local institutional review
board and a written informed consent was
obtained from all patients according to
standard guidelines. Complete and sustained
response was defined as sustained normalisa-
tion of serum alanine aminotransferase (ALT)
during treatment and for the entire follow up
period (at least 12 months) after cessation of
IFN therapy. The other patients, including
patients who relapsed after a complete
response and patients showing no or partial
response, were defined as non-responders.

Quantification of serum HCYV core protein level by
FEIA

Serum HCV core protein level was measured
by sandwich FEIA wusing the monoclonal
antibody 5F11 (recognising an epitope within
amino acid 41-60) for solid phase capture and
another monoclonal antibody 5E3 (epitope
within 21-40) conjugated with B-D-galacto-
sidase as a reporter.'* Briefly, to 200 pl serum
sample, 40 pl of 25% polyethylene glycol 4000
(PEG4000) was added and incubated for one
hour at 4°C. The precipitant was obtained by
centrifugation, dissolved in 50 pl of 0-5 M
NaCl and 0-5 M sodium citrate, and denatured
with 50 pl 0-5 M NaOH for 30 minutes at
37°C. These pretreated samples were added
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and incubated for 10 minutes in the EIA well
coated with the monoclonal antibody 5F11 for
10 minutes. After washing with wash buffer,
monoclonal antibody 5E3 conjugated to (-
D-galactosidase was added for nine minutes at
37°C to trace HCV core protein. The substrate
used was 0-1 mM 4-methylumbelliferyl 3-D-
galactopyranoside and this was incubated for
nine minutes at 37°C. The relative fluorescence
intensity (RFI) was measured by a fluorometer
at 360 nm for excitation and 450 nm for emis-
sion. The cut off value of this assay was pre-
viously determined to be less than 20 RFI.

Serum HCV RNA level and HCV genotype
determination

Serum HCV RNA level was measured
quantitatively by bDNA (Quantiplex-HCV
RNA, Ver 1:0, Chiron, Emeryville, CA).® The
cut off value of this assay was 0-35 million
genome equivalent/ml (Meg/ml). Recently, it
was shown that HCV RNA level in patients
with HCV type 2 infection requires a
correction factor of 3 to give a better estimation
of HCV RNA."” Accordingly, the viraemia
level in these patients were adjusted according
to this recommendation.

Serologically defined HCV genotype (HCV
type) was determined by enzyme immunoassay
into HCV type 1, 2, mixed type (type 1 and 2)
and indeterminate type as previously de-
scribed.!® The nomenclature of HCV genotype
was based on the system proposed by
Simmonds et al.'”

Statistics

Categorical data were analysed with Fisher’s
exact test. The Mann-Whitney non-parametric
rank sum test and Student’s ¢ test were used
where appropriate. Discriminant analysis was
used for multivariate analysis.

Results

Of the 175 patients seropositive for anti-HCV,
129 (73-7%) had HCV type 1, 31 (17-7%) type
2, 3 (1-7%) mixed type (type 1 and 2), and 12
(6:9%) indeterminate HCV genotype. There
was no significant difference in sex, age, history
of transfusion, estimated duration of infection,
serum ALT level between patients with
different HCV types (Table I).

To evaluate the reproducibility of this HCV
core protein assay, three positive standard
samples with the low, middle and high HCV
core protein level were measured, respectively
(Table II). The intra-assay and the inter-assay
coefficients of variation (CV) for the standards
were calculated to be within the range of
4:20~11-05% and 4-14~9-52%, respectively.
For the sensitivity of the assays, among the 175
patients, 146 (83-4%) were positive by FEIA,
compared with 111 (63-4%) by bDNA assay
(p<0-01). For the specificity, all 13 controls
were negative for both HCV RNA by bDNA
and HCV core protein by FEIA.

In patients infected with HCV type 1, the
median serum HCYV core protein level was 149
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TABLE1 Clinical and virological characteristics of the 175 patients with chronic hepatitis C virus infection and 13 controls

Serologically defined HCV genotype
Mixed type

Characteristics Type 1 Type 2 (type 1+2) Indeterminat: C Is*
No of patients n=129 n=31 n=3 n=12 n=13
Sex (male: female) 75:54 18:13 1:2 6:6 9:4
Age (year, mean (SD)) 57-3 (12-5) 55-3 (12-3) 55-0 (10-8) 54-2 (13-4) 45-85 (11-9)
History of blood transfusion (%) 49 (38-0) 8 (25'8) 1(33-3) 4 (33-3) 0
Duration of infectiont (year) (mean (SD)) 20-7 (14-2) 21-6 (13-2) 36 21-8 (16-0) -
ALT (IU/1, mean (SD)) 92-3 (90-4) 83-8 (62-0) 79-0 (62-0) 72-4 (48-4) 532 (46-0)
Disease (CH:LC:HCC) 61:25:43 16:7:8 2:1:0 5:4:3 5:5:3
HCYV core protein level (relative fluorescence intensity (RFI)) by fluorescent enzyme immunoassay (FEIA)

% positive 86-8 71-0 1 750 0

median 149 56 395 49 <20

range <20~3708 <20~1460 157~594 <20~1262 <20
HCV RNA level (million eq/ml) by bDNA

% positive 71-3 38-7 100 33-3 0

median 290 <1-05 3-88 <0-35 <0-35

range <0:35~40-00  <1:05~20:07 1110~10:00  <0-35~3-10 <0-35

*Controls were seropositive for HBsAg and seronegative for anti-HCV by 2nd EIA. Duration of infection was estimated in
patients with known history of blood transfusion only. $The values of HCV RNA level in patients with HCV type 2 infection were

corrected by multiplying the value by 3.

RFI (range: <20 to 3780 RFI) compared with
56 RFI (range: <20 to 1460 RFI, p<0-01) in
patients with HCV type 2 infection (Table I).
The median serum HCV core protein level in
the patients with HCV mixed type infection
was 395 RFI (range: 157 to 594 RFI), and for
the indeterminate group, the median was 49
RFI (range: <20 to 1262). There was no
correlation between serum HCV core protein
level and the demographic (sex, age, history of
transfusion) and biochemical (serum ALT)
parameters. However, the median serum HCV
core protein level in patients with CH was 227
RFI (range: <20 to 3708 RFI), compared with
94 RFI (range: <20 to 2070 RFI, p=NS) with
LC, and 59 RFI (range: <20 to 1513 RFI,
p=0-01) with HCC.

For serum HCV RNA levels, the median
levels for the patients with HCV type 1, 2,
mixed type, and indeterminate type were 2:90
Meg/ml (range: <0-35 to 40-00 Meg/ml),
<1-05 Meg/ml (range: <1-05 (the converted
cut off for HCV type 2) to 20-07 Meqg/ml),
3-88 Meg/ml (range: 1-10 to 10-00 Meg/ml)
and <0-35 Meg/ml (range: <0-35 to 3-10 Meqg/
ml), respectively. There was a significant
difference in serum HCV RNA levels between
patients with HCV type 1 and 2 infection

TABLE 1 The reproducibility of HCV core protein assay by
fluorescent enzyme immunoassay

Number Low level Middle level High level

Intra-assay

1 305 150-2 255-2
2 306 143-4 2286
3 37-0 163-4 2335
4 268 162-7 249-7
5 36-4 157-3 2655
6 31-0 161-4 283-1
7 375 157-9 244-8
8 352 1559 2383
9 375 149-3 2214
10 33-1 152-0 247-6
Mean (SD) 3356 (3-71) 155-35 (6:53) 24677 (18-19)
CV (%) 11-05 4-20 7-37
Inter-assay
1 30-5 149-8 2445
2 33.5 150-6 250-3
3 297 162-8 2265
4 34-8 163-4 2650

5 37-4 155-7 2319
Mean (SD) 33:18 (3:16) 156-46 (6:47) 243-64 (15-27)
CV (%) 9:52 4-14 6-27

CV: coefficient of variation.

(p=0-02) (Fig 1). In patients with HCV type
1 infection, 17 (13-2%) were below the cut off
value by FEIA, compared with 37 (28-7%) by
bDNA (p<0-01) (Table III). In patients with
HCV type 2 infection, nine (29-:0%) were
below cut off by FEIA, compared with 19
(61:3%) by bDNA (p=0-01).

Overall, there was a correlation between
serum HCV core protein level by FEIA and
serum HCV RNA level as determined by
bDNA (r=0-47, p<0-01). When only patients
with detectable HCV core protein and HCV
RNA were analysed (n=108, type 1: type 2:
mixed type: indeterminate=89: 12: 3: 4),
there was a correlation between HCV core
protein level and HCV RNA level in
patients with HCV type 1 infection (r=0-53,
p<0-01), but no correlation was seen in
patients with HCV type 2 infection (r=0-25,
p=0-44) (Fig 2).

Thirty seven of 84 patients with chronic
active hepatitis C were subsequently treated
with IFN. Eleven (29:7%) of them showed
sustained response, and 26 (70-3%) were non-
responders. There was no difference in sex
(male:female=4:7 v 8:18), age (521 (9-2) v
53-1 (10-4)), history of blood transfusion (2 of
11 v 8 of 26) and pretreatment ALT (mean
(SD)) (90-9 (45-6) v 120-7 (65-5) IU/M)
between the patients showing sustained
response and no response. However, the
median HCV core protein level in the sus-
tained response group (median: 36 RFI, range;
<20 to 418 RFI) was significantly lower than
the no response patients (338 RFI, range; 57
to 1580 RFI) (p<0-01) (Fig 3). For the role of
genotype in the response to IFN, two (8:-7%)
of the 23 patients with HCV type 1 developed
sustained response, compared with seven
(63-6%) of 11 patients with HCV type 2
(p<0-01). To further analyse factors (sex, age,
pretreatment ALT level, HCV genotype,
serum HCV RNA level, and serum HCV core
protein level) that predicted the subsequent
response to IFN therapy, multivariate analysis
was performed using a stepwise forward
approach. Only HCV genotype (p=0-001) and
HCYV core protein level (p=0-026) were shown
to be significant predicting factors by this
analysis.
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Figure 1: HCV core protein levels (left), and HCV RNA levels (right) in patients with
HCYV types 1 and 2 infection. The median level of HCV core protein in patients with HCV
type 1 was 149 relative fluorescence intensity (RFI) (range; <20 to 3708 RFI), compared
with 56 RFI (range; <20 to 1460) in those with HCV type 2 (p<0-01). As the values of
serum HCV RNA level by bDNA assay were underestimated in patients with HCV type 2
infection, the values were multiplied by 3 as re ded.’? The median levels of HCV
RNA in patients with HCqupe 1 was 2-90 million eg/ml (Meg/ml) (range; <0-35 to
40-0), compared with <1-05 Meg/ml in patients with HCV type 2 (range; <1-05 to 20-07
Meg/ml) (p<0-01). The solid bars represent the medians.

Discussion

This study illustrates four important points.
Firstly, this FEIA assay was shown to be a
sensitive assay with good reproducibility for the
quantification of serum HCV core protein

TABLE 11 Relation between serum HCV core protein level
as determined by FEIA and HCV RNA level as evaluated
by bDNA in patients with chronic HCV types 1 and 2

infection
HCYV core protein level by
FEIA
HCV RNA level
by bDNA <20 RFI >20 RFI Total

HCV type 1 infection (n=129)

<0-35 Meg/ml 15 (11°6) 22 (17-1) 37 (28-7)
>0-35 Meg/ml 2 (1-6) 90 (69-8) 92 (71-4)
Total 17 (13-2) 112 (869) 129 (100)
HCYV type 2 infection (n=31)

<1-05 Meg/ml 9 (29:0) 10 (32-3) 19 (61-3)
>1-05 Meg/ml 0(0) 12 (38:7) 12 (38:7)
Total 9 (29-0) 22 (71-0) 31 (100)

Figures in parentheses are percentages.
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irrespective of HCV genotypes. Secondly,
there was a correlation between serum HCV
core protein level and HCV RNA level as
determined by FEIA and bDNA, respectively,
in patients with HCV type 1 but not in type 2
infection. Thirdly, patients with HCV type 2
infection had lower level of serum HCV core
protein compared with HCV type 1. Finally,
low serum HCV core protein level is also an
indicator of a subsequent favourable response
to IFN.

The finding that this FEIA assay is a
sensitive assay for patients with different HCV
genotypes emphasise the usefulness of this
assay. In an analysis of the conservation of the
HCV core amino acid sequences from all
known isolates available through GenBanks,
the region recognised by the monoclonal
antibodies (amino acid 21-60) was shown to
be highly conserved (data not shown).

There are a few possible explanations to
account for the lack of correlation between
serum HCV core protein and HCV RNA in
patients infected with HCV type 2. Firstly, the
number of patients with HCV type 2 infection
was small in this study and may miss a weak
correlation. Secondly, the number of HCV
core proteins in HCV type 2 may be more
variable or low compared with HCV type 1. As
most other viruses contain a comparatively
stable number of core molecules per viral
particle, it is fairly safe to assume that this
is the case for HCV, arguing that the
quantification of HCV RNA by bDNA version
1:0 on HCV type 2 may be more variable than
HCV type 1. Further studies based on large
number of patients comparing FEIA and
bDNA version 2-0 are required to further
define the concordance between these two
assays.

The finding that serum HCV core protein
level in patients with HCV type 2 infection was
lower than those with HCV type 1 is also in
accord with previous studies using competitive
RT-PCR or bDNA assays, which also showed
lower serum HCV RNA level in patients with
HCV type 2 compared with type 1.1° ! 1# The
recent finding that bDNA version 1-0 assay
underestimates HCV RNA derived from HCV
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Figure 2: The correlation between serum HCV core protein level by FEIA and HCV RNA level by bDNA in patients with

HCYV types 1 (left) and type 2 (right) infection. In all patients,

there was a significant correlation berween serum HCV core

protein and HCV RNA levels (n=175, r=0-48, p<0-01). When only patients with detectable HCV core protein and HCV
RNA were analysed, HCV core protein level correlated to HCV RNA level in patients with HCV type 1 infection (n=89,
r=0-53, p<0-01), but not in patients with HCV type 2 infection (n=12, r=0-25, p=0-44).
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Figure 3: Pretreatment HCV core protein level in
lymphoblastoid interferon a therapy. The median level (36
RFI) of HCYV core protein in the complete and sustained
responders (SR) was significantly lower compared with the
non-responders (NR) (338 RFI, p<0-01). The solid bars
represent the medians.

type 2 and 3 illustrates the difficulties in
developing a reliable assay for the quanti-
fication of a viraemia,'? given the pronounced
genetic heterogeneous nature of the HCV
genome. bDNA assay version 2-0 was designed
to tackle these problems. As this FEIA is using
monoclonal antibodies that recognised highly
conserved epitopes across HCV type 1 and 2,
it is likely that this assay will also be very useful
in quantification of HCV viraemia. A proper
head to head comparison between two assays
in the future may resolve this issue.

It was reported that low pretreatment HCV
RNA level is a good predictor of a subsequent
favourable response to IFN therapy.® !! Our
finding of a significant difference in serum
HCV core protein level between patients
showing different subsequent response to IFN
suggests that measuring serum HCV core
protein level is a good alternative.
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