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Abstract t 

Aim ::  To evaluate the performance of a new diagnostic HCV' antigen (HCV Ag) assay and its 

abilityy to measure viral kinetics in hepatitis C patients treated with high dose Interferon. 

Methods::  Thirteen treatment naïve patients with chronic hepatitis C were treated with 

lnterferon-alpha-2aa (IFN) 8 hourly for 15 days. Samples were obtained daily during the 

treatmentt period. HCV RNA levels were determined using the quantitative VERSANT™ 

HCV3.00 bDNA (bDNA) assay (detection limit 615 IU'mL). All samples tested in the bDNA 

assayy were retested in the diagnostic HCV Ag assay. 

Results::  151 .samples from 13 patients were tested. All samples (n=47) with a HCV RNA 

virall  load of more than 5 log IU/mL were reactive in the diagnostic HCV-Ag assay. Of 

sampless with viral loads between 4 and 5 log IU mL. 14 15 (93%) were reactive in the 

diagnosticc HCV Ag assay. There was a strong con-elation between the values of the bDNA 

assayy and the S Co values of the HCV-Ag assay. For HCV RNA levels between 4 and 5 log 

IUmLL and between 5 and 6 log IU/mL the correlation was r=0.84 and r=0.68 respectively. In 

comparisonn to the bDNA assay a sensitivity of 80% and a specificity of 99% was established 

forr the diagnostic HCV Ag assay. 

Conclusion::  The diagnostic HCV-Ag assay had a positive correlation with HCV RNA levels 

betweenn 4-6 log IU mL. Therefore, the diagnostic HCV Ag assay is a practical and a cost-

effectivee tool to monitor viral decline during antiviral therapy in chronic hepatitis C patients. 
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Introductio n n 

Inn 1988 hepatitis C virus (HCV) was discovered and was regarded as the main cause of post 

transfusionn hepatitis non-A non-B (5). The introduction of HCV antibody assays for screening 

off  blood donations, particularly eliminated the risk of post transfusion hepatitis C (16). After 

thee initial infection with HCV there is a period (window period) in which HCV RNA is 

presentt but the antibody assays are not yet reactive. Nucleic acid amplification technology 

(NAT)) is an appropriate method for direct identification of HCV-RNA in the window period 

whichh can be reduced from 82 to 15 days (2:7). Recently a new assay was developed to detect 

HCVV core protein (HCV-Ag) (9). The reduction of the open diagnostic window period, in 

HCVV RNA positive but anti-HCV negative samples, resulting from the use of the HCV Ag 

assayy and HCV RNA PCR was 33 and 33.4 days respectively (7). 

Thee current treatment of choice for chronic hepatitis C patients is a combination of Pegylated 

Interferon-alphaa (PEG-IFN) and ribavirin for 48 weeks and such therapy is associated with a 

sustainedd virological response (SVR) rate of 42-76% of patients (11). There are positive 

independentt predictors for SVR, i.e.; patients infected with genotype 2 or 3. low level of HCV 

RNAA at the start of the treatment, young age, female sex and low fibrosis grade of the liver 

(13).. Based on the viral decline in the first weeks of treatment other positive and negative 

predictivee factors for SVR were found. Patients who are still HCV RNA positive after 12 

weekss of treatment are unlikely to achieve a SVR(15). Even when HCV RNA is detectable 

afterr 4 weeks of treatment it may be considered to discontinue or modify the treatment (4). A 

33 log decrease in viral load during the first 4 weeks of treatment is a strong predictor of SVR 

(17).. Quantitative and qualitative assays to monitor HCV RNA during anti viral therapy of 

chronicc hepatitis C patients are complex and costly. 

Afterr the development of the HCV-Ag screening assay a new prototype diagnostic HCV-Ag 

assayy for the detection of HCV-Ag in the presence of antibodies to HCV was developed. The 

diagnosticc HCV-Ag assay revealed that the amount of HCV-Ag correlates w ith the amount of 

HCVV RNA in samples also reactive for antibodies to HCV (9). 

Thee aim of this study was to compare the prototype diagnostic HCV-Ag with the quantitative 

VERSANT™™ HCV 3.0 bDNA assay in patients treated with high dose IFN. Furthermore, we 

assessedd the clinical utility of the diagnostic HCV-Ag assay for viral kinetics in chronic 

hepatitiss C patients treated with anti-viral therapy. 
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Materialss and Methods 

Patients Patients 

Thirteenn patients received 6 ML' IFN-a X hourly tor 15 days. Three were infected with HCV 

genotypee 1 and 10 with HCV' genotype non-1. Nine patients were male. Their mean age was 

400 years old (range 29-49). Nine of the 13 patients probably had been infected with HCV 

duringg previous intravenous drug abuse. In the remaining 4 patients no potential source of 

infectionn was identified. At the end of the two-week treatment period. 10 patients were HCV 

RNAA negative as measured using bDNA assay. Seven of these 10 patients were also HCV' 

RNAA negative as measured using qualitative PCR. Only one patient achieved a sustained loss 

off  HCV' RNA with normalization of ALA T level, as was shown 6 months after stopping the 

therapy.. All other patients relapsed within 6 weeks after end of therapy. 

SampleSample collection 

EDTAA blood was collected at the following time points: 2 weeks before start of therapy, just 

beforee the first dose of IFN-a was given and at 8, 24, and 32 hours thereafter. Also at days 3, 

4.. 7. 8. 9. 10. 11. 14. 15 after start of therapy blood was collected. During follow-up plasma 

sampless were obtained 3. 4, and 6 weeks after starting IFN therapy and 6 months after the end 

off  treatment. 

EDTA-plasmaa samples were stored at -70 °C within 4 hours after blood collection. 

AA total of 151 samples were available and were tested in the diagnostic HCV-Ag assay and in 

thee bDNA assay. All samples with a HCV RNA level below the cut off of the bDNA assay 

weree retcsted by qualitative PCR (Cobas Amplicor 2.0). All 151 samples were \\C\' antibody 

positive. . 

PrototypePrototype diagnostic HCV-Ag assay 

Specimenss were tested by a prototype microplate ELISA for total HCV core antigen. This 

assayy utilizes a specimen pre-trcatment step that dissociates antibody bound to core antigen in 

thee test specimen. This enables the detection and quantification of "total" core (both bound 

andd unbound) antigen in the specimen. Briefly. lOOu.1 of specimen was combined with 50 jul 

off  pre-trcatment buffer in an uncoated microwell and incubated for 30minutes at 56°C. After 

cooling.. 100 |il of pre-trcated specimen or controls were added to 100 ul of reaction buffer in 

microwellss coated with monoclonal antibodies reactive with HCV' core antmen. After 
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incubationn at 25"C for 60minutes with agitation, the microwells were washed and incubated 

withh 200 (il of horse radish peroxidase conjugated anti-core antibodies for 30 minutes at 25 'C. 

Afterr a second wash. 200 |al of o-phenylenediamine substrate solution was added and 

incubatedd for 30 minutes at 25°C. The reaction was stopped by addition ot' 50 (il of 4N 

H2S044 and the absorbance (A) determined at 490nm with a 610nm reference filter. 

Specimenn results were expressed as signal/cut off. 

DetectionDetection ofHCVRNA 

QuantitativeQuantitative detection: A quantitative bDNA assay (Versant 3.0 Bayer. Berkeley, CA, USA) 

whichh uses 50 ul of plasma or serum and which has a dynamic range of 615-8.3 xl0h IU 

/ltiLL (1 IU/mL = 4.8 copies/mL). All samples tested negative in the bDNA were retested in 

RT-PCR. . 

QualitativeQualitative detection: HCV RNA was detected by RT-PCR (HCV 2.0 Roche Diagnostic 

Systems.. Inc., Branchburg, NJ) according to the manufacturer's instructions. The detection 

limi tt of this assay is 50 IU/mL. 

Genotyping Genotyping 

HCVV genotypes were determined by direct sequencing using the TrueGene Genotyping 

assayy and the OpenGcne"' automated DNA sequencing system (Visible Genetics Inc.. 

Toronto,, Canada). 

SerologicalSerological test 

Plasmaa samples were tested for the presence of anti-HCV antibodies using a 3r 

Generationn Enzyme Immunoassay (E1A 3.0: Abbott Laboratories. Chigaco. IL) according to 

thee manufacturer's instructions. 

StatisticalStatistical analysis 

Statisticall  analysis was performed using the SPSS 9.0.01 package. All data (S Co) obtained 

withh the diagnostic HCV Ag assay. bDNA and the HCV RNA PCR test were log,*, 

transformed.. In calculations the arbitrary value of 615 IU mL (2.8 log) was used when values 

weree negative using the quantitative assay but positive using qualitative PCR. When the 

sampless were negative in the qualitative PCR a value off of 1.7 log (50 IU mL) was used for 

thee calculations. 
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Thee linear regression analysis was done using scatter plots on log transformed HCV RNA 

levelss and log transformed HCV Ag S Co levels and Pearson's correlation coefficient. A p 

valuee of less than 0.05 was considered statistically significant. 

Results s 

SensitivitySensitivity and specificity of the diagnostic HCV Ag assay as compared with bDNA assay 

andand qualitative PCR 

766 151 (50.3%) samples were found positive in the bDNA assay, of these 61 samples were 

alsoo positive in the diagnostic HCV Ag assay. Regarding the bDNA assay as gold standard, 

thee sensitivity of the diagnostic HCV Ag assay, in this panel of clinical samples was 80.3% 

(61/76).. Only 1 75 bDNA negative samples tested positive in the diagnostic HCV Ag assay. 

Thiss sample was also reactive in qualitative PCR. Therefore the specificity was 74 75 

(98.6%).. In table I all patient samples are divided according to HCV RNA viral load values 

ass measured in bDNA assay. All samples with HCV RNA > 5 log IU/mL and 14 15 (93%) 

sampless of > 4 - 5 log IU/mL in bDNA were detected by the diagnostic HCV Ag assay. Only 

onee sample with a viral load in between 50 -615 IU/mL was detected in HCV Ag diagnostic-

assay,, all other samples of < 4 log IU/mL which were reactive in bDNA were not found in 

diagnosticc HVC Ag assay. From these results the cut off of the diagnostic HCV Ag assay 

equalss approximately 4 log IU/mL HCV RNA. 

755 samples were non reactive in bDNA, these samples were all tested in qualitative PCR. 

58/755 (77.3%) samples were reactive in qualitative PCR and of these one sample was positive 

inn the diagnostic HCV Ag assay. Taking the qualitative PCR as gold standard, the sensitivity 

off  the diagnostic HCV Ag assay in this panel of clinical samples with ver}  low (>1.7 - < 2.8 

log)) HCV RNA levels was 158 (1.7%). None of the PCR negative samples (n=17) tested 

positivee in the diagnostic HCV Ag assay therefore the specificity was 100%. 
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Tabicc 1, Comparison of the results of diagnostic HCV Ag assay (HCV Ag) with those of quantitative bDNA 

assayy (bDNA). Patients (n=13) were treated for 15 days with high dose I FN. A total of 151 patient samples were 

groupedd according to log HCV RNA levels in bDNA and PCR. 

Classificationn according to bDNA HCV \g reactive 

logg HCV RNA levels 

>6 6 

> 5 - 6 6 

>> 4 - 5 

> 2 . 8 -4 4 

>I .7-<2.8 8 

<< 1.7 

Total l 

reactive e 

n/total l 

24/24 4 

23/23 3 

15/15 5 

144 14 

00 58+ 

0/17: : 

76/151 1 

n/total l 

2424 4 

23/23 3 

14/15 5 

0-14 4 

11 58 

017 7 

62/151 1 

<%> > 

(100) ) 

(100) ) 

(93) ) 

(2) ) 

(41) ) 

II  samples reactive in qualitative PCR 

%% samples non reactive in qualitative PCR 

CorrelationCorrelation of the diagnostic HCV Ag with bDNA assay for quantification of HCV core 

proteinprotein and HCV RNA 

Too determine the correlation between the two assays, 61 paired samples positive in both tests 

weree compared. In table 2 all patients samples are divided according to their HCV RNA viral 

loadd as measured in bDNA. The correlation between the login transformed HCV RNA levels 

ass measured by bDNA and the login transformed S/Co levels as measured by diagnostic HCV 

Agg assay was strongest for HCV RNA levels between 4 and 5 log lU/'mL and between 5 and 6 

logg IU-mL (correlation r=0.84 and r=0.68 respectively). In figure 1 61 samples with a HCV 

RNAA load > 4 IU mL as measured by bDNA. are plotted against the logm transformed S Co 

HCVV core protein values of the diagnostic HCV Ag assay. The regression coefficient was 

0.91,, therefore the line best fitting the distribution is described by the equation: 

HCVV Ag S.Co <Y)= 0.75 0 * HCV RNA bDNA (X) - 3 39 (r-fl.Q!) (n<0.0001). According to 

thee equation obtained from the correlation the cut off of the HCV Ag test is equivalent to 

0=0.755 x (log S Co).- 3.39. which was 4.52 log IU mL HVC RNA. 
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Tablee 2. Correlation between diagnostic HCV Ag assay (HCV Ag) results with those of quantitative bDNA 

assayy (bDNA). Patients (n=13) were treated for 15 days with high dose IFN. A total of 76 patient samples were 

reactivee in bDNA and were grouped according to log HCV RNA levels 

Classificationn according to log 

RNAA levels in bDNA 

HCV V 

n n 

66 IU/mL log 

>55 - 6 IU/mL log 

>44 - 5 IU mL log 

>2.88 - 4 ILImUog 

24 4 

23 3 

15 5 

14 4 

HCV V 

Mean n 

42 2 

5.6 6 

1.6 6 

0.6 6 

Ag g 

x x 

S/Co o 

SD D 

19.6 6 

4.5 5 

0.5 5 

0 , , 

HCVV Ag 

logg S/Co 

Meann  SD 

1.55  0.3 

0.66  0.3 

0.22  0.1 

-0.22 + 0.073 

Correlationn between 

HC\\ Ag 
andd bDNA assays 

r r 

0.18 8 

0.68 8 

0.84 4 

0.21 1 

2 2 
r r 

0.036 6 

0.47 7 

0.70 0 

0.046 6 

*—*— 1.5 

O O 

— — O O 
O O 
WW 1 0 
O) ) 

< < 
> > 
O O 
I I 

,5 5 

DD / 

r=0.91 1 

// 7. 

U U 

^ Q / / 

 / 

o ' i y y 
nrPP / 

m m 

0 0 

Figg 1. Regression plot between diagnostic MCA' 

Agg assay and quantitative bDNA assay (bDNA). 

Thee HCV core protein (HCV Ag) and HCV RNA 

valuess were log transformed. Of 13 patients 

treatedd with high dose IFN a total of 61 samples. 

reactivee in both HCV Ag assay and bDNA. were 

appliedd to establish the regression coefficient. 

HCVV RNA IU/mL (log) 

KineticsKinetics ofHCX 'Ag and HCV RNA in patients treated with IFN 

Inn figure 2a the mean values of 3 patients with genotype 1 treated with high dose IFN are 

depicted.. HCV Ag as well as HCV RNA values are log transformed. In the first 24 hours of 

treatmentt the HCV RNA and HCV core protein load of patients with genotype 1 had a mean 

reductionn of 80% and 73% as measured by bDNA and diagnostic HCV Ag assay respectively. 

Duringg treatment none of the 3 patients infected with genotype 1. had HCV RNA values 

beloww the cut off levels of the bDNA assay. In the diagnostic HCV Ag assay only one sample, 

off  one patient had a S Co level < 1 and was therefore regarded as non reactive. In figure 2 b 

thee mean values of 10 patients with genotype non 1 are shown. Patients with genotype non-1 

hadd a viral load reduction in the first 24 hours of 98% and 94% as measured by bDNA and 

diagnosticc HCV Ag assay respectively. In patients infected with genotype non-1 the bDNA 
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becamee negative in a mean time of 4 days (range 1-8 days) and the diagnostic HCV Ag assay 

becamee negative after a mean time of 2 days (range 1-4 days). After stopping treatment the 

meann time in which the bDNA and the diagnostic HCV Ag assay became positive again was 

2.33 weeks (range 1-4) and 2.9 weeks (rangel-4) respectively. 

Figg 2a. Course of log 

HCVV Ag and log HCV 

RNAA mean values in 3 

HCVV patients with 

genotypee 1 treated 

withh high dose I FN for 

155 days. 

Figg 2b. Course of log HCV Ag and 

logg HCV RNA mean values in 10 

HCVV patients with genotype non 1 

treatedd with high dose IFN for 15 

days.. Between 7 and 15 days the 

meann log HCV RNA viral load was 

55 below the cut off of the bDNA. > > 

•55 1 Since the HCV RNA load is 

££ calculated as mean value of 10 

patientt samples, the mean 

quantitativee (  SD) values were 

depicted.. Between 24 hours and 3 

weekss the log transformed HCV Ag 

levelss were below the cut off of the 

assay.. This implicates that for these 

sampless the S Co is < I and 

thereforee these samples were not 

depictedd in this figure. 
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Discussion n 

Thee sensitivity of the diagnostic HCV Ag assay was comparable to 4 log IU-inL (5.6 log 

copiess mL) HCV RNA in bDNA. Hundred percent of the samples with a HCV RNA viral 

loadd > 5 log 1U niL and 93% of the samples with HCV RNA load between > 4 - < 5 log 

IU/mLL in the bDNA assay were positive in the diagnostic HCV Ag assay. Other core protein 

testss revealed a sensitivity of 104 copies mL (8;9). However in a recent study another Y\CX Ag 

assayy was evaluated which was slightly less sensitive than a commercial nested PCR (lxl0 " 

copies/mL)) (14). 

Inn treatment intervention studies more than 60% of the patients had a pre-treatment viral load 

o\~o\~ more than 2 x 10'' copies mL (6.3 log copies mL) (13:10). In a study with 6807 patients 

withh chronic hepatitis C the median viral load was 3.5 x 101 copies mL (3). In a study 

performedd by Pawlotsky et al(12) 2 x 101 copies/mL was converted to 5.9 log IU/mL. The 

abovee studies indicate that the sensitivity of the diagnostic HCV Ag assay is sufficient to 

detectt HCV Ag in most patients infected with HCV who have never been treated before. 

Althoughh it is known that in patient with chronic HCV infection HCV RNA levels may 

fluctuatefluctuate in time, approximately 70% of these patients have constant HCV-RNA levels (1;6). 

Inn the consecutive samples of patients infected with genotype 1. the log transformed S Co 

valuess off the diagnostic HCV Ag assay can be regarded as semi quantitative measurement. A 

strongg correlation was found between the S/Co values of the diagnostic HCV Ag assay and 

thee HCV RNA values of the bDNA assay. The strongest correlation between the bDNA assay 

andd diagnostic HCV Ag assay was found in samples with HCV RNA levels were between 4 -

<< 6 log IU mL. Therefore the dynamic range of the HCV core protein is equivalent to 4-6 log 

IUU mL HCV RNA. Patients with a successful anti-viral treatment have a biphasic decline in 

HCVV RNA viral load during the first 2 weeks of treatment (18). In this study all 13 patients 

treatedd for 15 days with high dose I FN showed independent o( genotype a comparable 

biphasicc response during treatment. However only 1/13 patients achieved a sustained 

virologicall  response after 15 days of high dose 1FN treatment. The diagnostic HCV Ag assay 

showedd the same rapid decline in HCV Ag levels as compared to the rapid decline of HCV 

RNAA levels measured w ith bDNA assay. In the first 24 hours of treatment the HCV RNA 

declinee in patients infected with genotype 1 was 80% in the bDNA assay as compared to a 

declinee of 73% of HCV Ag in the diagnostic HCV Ag assay. In patients infected with 

genotypee non-1 the HCV RNA and HCV Ag load decline in the first 24 hours was 98% and 
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94%% respectively. The decline of HCV Ag during treatment was concordant to the HCV 

RNAA decline in all patients during treatment. Therefore the diagnostic HCV Ag assay can be 

usedd to monitor viral decline in the beginning of therapy, which is a strong predictor of 

sustainedd virological response. 

Inn conclusion, the diagnostic HCV Ag assay is an easy to perform and economic assay to 

monitorr early viral decline in chronic hepatitis C patients treated with anti- viral therapy. It is 

likelyy that HCV Ag diagnostic assay can replace the majority of expensive and labour 

intensivee quantitative nucleic acid amplification tests in future. 
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