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ABSTRACT
Background: Chronic hepatitis C is a major public health problem around the world. In
monitoring treatment efficacy, although costly and labour-intensive methods of molecular
biology are often used, much cheaper and technically easier serological methods evaluating
the concentration of HCV core antigen in serum are available. We evaluated HCVcAg quanti-
fication as a possible assessment of the treatment efficacy instead of HCV RNA quantification.
Methods: We collected 514 serum samples from treated HCV infected patients. Quantitative
evaluation of HCV RNA and HCVcAg was carried out before treatment, at the end of treat-
ment, and at least 12 weeks following treatment termination. HCV RNA was determined by
automated assay (Roche COBAS) and HCVcAg quantitation with ARCHITECT ci8200 analyser.
Results: There was a significant correlation between HCVcAg and HCV RNA concentrations at
baseline and follow-up visits, but not at the end of treatment. Among samples collected
before the treatment, at the end of treatment and follow-up visit, concordance of HCV RNA
and HCVcAg reached level of 98.1%, 98.9% and 98.7%, respectively. Diagnostic sensitivity,
specificity, positive and negative predictive values of HCVcAg detection were >97%.
Conclusions: HCVcAg measurement could be an alternative for determining HCV treatment
efficacy after chemotherapy and could be an option in the diagnosis of HCV infection.
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Introduction

Chronic hepatitis C virus (HCV) infection is a serious global
health problem, being one of the main factors leading to
liver cirrhosis with subsequent liver failure, and hepato-
cellular carcinoma, with a global prevalence estimated to
be 1%, corresponding to about 71 million viraemic cases
[1–3]. Prevalence varies significantly between regions of
the world, ranging from 0.5% to 7% of the population,
and in 2016 the WHO approved a strategy to eliminate
viral hepatitis by 2030by reducingnew infections by 90%,
reducing mortality by 65% and increasing the number of
treated patients to 80% [4]. An undiagnosed patient
population is considered a significant barrier to achieve
the goal of this strategy. The introduction of direct-acting
antivirals changed principles of chronic hepatitis
C treatment, with its high efficacy and excellent tolerabil-
ity [5]. Despite the emergence of generic drugs, new
therapies are not widely available in some low-income
countries mainly due to the high costs of therapy [6].

Current diagnosis of hepatitis C infection is based on
the detection of serum HCV antibodies using automated
serological methods, and although quick diagnostic tests
are also approved for screening, confirmation of viral
replication is necessary with molecular genetics.

According to the EASL recommendations (European
Association for the Study of the Liver), HCV core antigen
(HCVcAg) assay is recommended when the HCV RNA
assay is not available or not affordable [7,8].

HCV RNA monitoring is no longer useful during
anti-viral treatment but is still useful in evaluating
the efficacy of anti-viral treatment 12 weeks after
treatment completion. Although real-time PCR assay
is sensitive and reliable, it is time-consuming, requires
sophisticated equipped laboratories, qualified labora-
tory personnel, and relatively expensive reagents.
Therefore, measurement of HCVcAg can be an alter-
native for initial diagnosis. Numerous studies have
confirmed that HCVcAg concentration correlate posi-
tively with HCV RNA [9–15]. A lower workload, faster
turn-around time, and significantly lower costs are
advantages of this method [16]. The absence of both
HCVcAg and HCV RNA after successful treatment
defines HCV infection cure.

Aim of this study was to evaluate the quantitative
measurement of HCVcAg in HCV infected patients as
a possible assessment of the treatment efficacy for the
replacement of sustained virologic response mea-
sured with undetectability of HCV RNA.
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Methods

We obtained 514 serum samples from chronically HCV-
infected patients treated with anti-virals. Treatment was
selected according to national expert guidelines and
National Health Fund reimbursement regulations at
the time of patient’s management [17]. Quantitative
evaluation of HCV RNA and HCVcAg was carried out
before HCV treatment (baseline), at the end of treat-
ment, and at least 12 weeks following treatment termi-
nation. A sustained virological response (SVR) was
defined as undetectable serum HCV RNA at least 12
weeks after treatment termination. Respectively,
HCVcAg undetectability at the same time, was referred
to definition of sustained serological response (SSR).

Blood samples were collected in EDTA tubes, plasma
was separated and stored at −70°C until laboratory eva-
luation. HCV RNA and HCVcAg concentration measure-
ments were carried out from the same sample.
Quantitative detection of plasma HCV RNA used an auto-
mated RT-PCR assay (Roche COBAS AmpliPrep HCV plat-
form, Roche Molecular Systems, Pleasanton, CA, USA).
The lower level of quantification was 15 IU/ml. HCV gen-
otype was determined by direct sequencing of the PCR
product before the start of the treatment. Quantitative
detection of HCVcAg was performed on an automated
ARCHITECT ci8200 analyser (Abbott Diagnostics, Chicago,
IL, USA), using an HCVcAg assay kit (Abbott Laboratories,
Abbott Park, IL, USA), in a two-step chemiluminescent
microparticle immunoassay. Concentration of HCVcAg is
expressed in femtomols (fmol/l) per litre (1.0 fmol/l = 0.02
pg/ml). The detection limit ranged from 0 to 20,000 fmol/
L with an upper limit of detection after dilution (1:9) of
180,000 fmol/l. Detection cut-off value is 3.0 fmol/l,
a value between 3 and 10 fmol/l is defined as ‘grey zone’.

Statistical analysis was performed with Statistica 10
(StatSoft Poland, Cracow, Poland). Data were presented
as median and range. The correlation coefficients
between HCVAg and HCVRNA were calculated by
Spearman’s rank test and a comparison between the
groups was carried out using the Mann-Whitney U test.
Differences were considered significant at p < 0.05.

Results

Table 1 shows pre-treatment (baseline), immediate post-
treatment, and 12-week post-treatment data. HCVcAg
and HCV RNA concentrations correlates were r = 0.75 (p
< 0.001) at baseline, r = 0.75 (P< 0.001) immediately after
treatment, and r = 0.19 (P= 0.07) 12 weeks after treat-
ment. Of 265 samples collected before treatment 260
(98.1%) were concordant for HCV RNA and HCVcAg
detection. The remaining five samples (1.9%) were posi-
tive for HCV RNA but HCVcAg negative. However, HCV
RNA concentration in these patients was relatively low
and ranged from 375 to 7400 IU/ml. In the same group,
one result was obtained in the grey zone of HCVcAg (4.68

fmol/L) and HCV RNA concentration amounted in this
case was 968 IU/ml. Of the 92 samples collected at the
end of treatment, 90 (98.9%) were concordant. In one of
the two discordant samples, a negative HCVcAg sample
was found simultaneously with very low HCV RNA con-
centration of 34 IU/ml. HCV RNA below the quantification
limit <15 IU/ml was found in the second case. Of 157
samples collected at 12 weeks after treatment, 155
(98.7%) were concordant. The first discordant sample
was HCVcAg negative and HCV RNA detectable but not
quantifiable (<15 IU/ml), but in repeated measurement
HCV RNA becomes undetectable. The second discordant
sample at the FUwas HCV RNAundetectable but HCVcAg
detectable at the low level of 6.89 fmol/l. This patient,
a female, had non-advanced liver fibrosis, undetectable
for both HCV RNA and HCVcAg at the end of treatment.

Taking HCV RNAmeasurement as a gold standard, the
diagnostic sensitivity, specificity, positive and negative
predictive values of HCVcAg detection are shown in
Table 2. Altogether, nine discordant samples were
found. In eight HCV RNA detectable cases, its concentra-
tion ranged from the limit of quantification (<15 IU/ml) to
7,400 IU/ml (Table 3). The relationship between HCV RNA
and HCVcAg concentration, based on the linear regres-
sion analysis of baseline samples, can be expressed with
following equation: HCV RNA (in IU/ml) = 1016 + 300.24
x HCVcAg. Based on this calculation 1 fmol/l of HCVcAg is
equivalent to 301 IU/ml, so the detection threshold of
HCVcAg in our study is around 904 IU/ml of HCV RNA.

Discussion

The first studies investigating the use of HCVcAg quanti-
fication started to be published around 1999 [18].
HCVcAg can be detected 2 days after the appearance of
HCV RNA which is detectable within 2 weeks after infec-
tion. HCVcAg concentration correlates well with HCV RNA
viral load [19,20]. In the Hosseini – Moghaddam et al.
study good correlation between HCVcAg and HCV RNA
in liver tissue and serum was reported [21]. In HCV/HBV
and HCV/HIV co-infected population, some studies
showed lack or low correlation between HCVcAg and
HCV RNA, however, these studies were limited by small
group size [22]. We found a statistically significant correla-
tion between HCVcAg and HCV RNA at baseline and
follow-up visits but not at the end of treatment, the latter
caused by a small number of samples with detectable

Table 1. Median and range HCV RNA and HCVcAg concentra-
tion before and during the treatment.
Time of sample
collection n HCV RNA (IU/ml)

HCVcAg
(fmol/L)

Before treatment 265 1.2 x 106 (56.3–29.7 × 106) 2490
(0–40,281)

End of treatment 92 0 (0–0.142 × 106) 0 (0–187.4)
12 weeks after
treatment

157 0 (0–13.2 × 106) 0 (0–12,513)

Abbreviations: HCV RNA, hepatitis C virus ribonucleic acid; HCVcAg,
hepatitis C virus core antigen.
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HCV RNA and/or HCVcAg, and the presence of very low
HCVcAg concentrations in some samples accompanied
by undetectable HCV RNA (Figure 1).

One of the disadvantages of HCVcAg assay is relatively
low sensitivity compared to nucleic acid testing (~90%,
depending on the study) [14,23]. According to the litera-
ture the equivalent of the HCVcAg detection level,
depending on the HCV genotype, ranges from 500 to
3000 IU/ml of HCV RNA assessed by nucleic acid testing
[24]. However, chemiluminescent microparticle immu-
noassay has better sensitivity than ELISA, both free
HCVcAg and HCVcAg plus anti-HCV complex are
detected [25]. In our hands, the detection threshold of
HCVcAg is ~900 IU/ml of HCV RNA. Moreover, one addi-
tional advantage of thismethod is the stability of HCVcAg
in samples compared to HCV RNA when they are stored
at room temperature [26]. The agreement between

methods was excellent at 98.1%, with nine discordant
samples, pointing to the high sensitivity of the assay. Of
the nine discordant samples, in five HCV RNA viral load
was low, and in two cases it was detectable but not
quantifiable (<15 IU/mL). In one case HCVcAg remained
in the ‘grey-zone’ level (between 3 and 10 fmol/l), accom-
panied by relatively low HCV RNA level of 968 IU/ml. In
one case HCVcAg concentration was also in the grey
zone, with undetectable HCV RNA at the same time, but
in this patient, SVR has finally been confirmed: similar
cases have been described [12,13]. Delayed release of
antigen traces from hepatocytes resulting in low-level
HCVcAg detection may be the most likely explanation.
Another issue is detection of low HCVcAg concentrations
during anti-viral treatment. Strong inhibition of HCV viral
replication, while HCVcAg particles are still produced,
could be an explanation [27].

As shown above, with HCV RNA assays as a gold
standard, the diagnostic sensitivity of HCVcAg was high
and detection in all samples was >97%. Based on the
results and taking into account significantly lower costs of
HCVcAg testing, this approach should be considered in
HCV infections for diagnostic purposes. However,
patients with low baseline HCV RNA viral load can cause
diagnostic problems because of possible false-negative
HCVcAg results. On the other hand, proportion of
patients with viremia <400,000 IU/ml is relatively low.
For example, among 2472 genotype 1 infected patients,

Table 2. Characteristics of HCVcAg testing with respect to HCV RNA detection.

HCVRNA+
HCVcAg+

HCVRNA-
HCVcAg-

HCVRNA+
HCVcAg-

HCVRNA-
HCVcAg+

HCVcAg
Sensitivity
(95% CI)

HCVcAg
Specificity
(95% CI)

HCVcAg
PPV

(95% CI)

HCVcAg
NPV

(95% CI)

Baseline (n = 265) 260
(98.1%)

0 5
(1.9%)

0 98.1%
(95.7–99.4)

- 100% 0

End of treatment
(n = 92)

1
(1.1%)

89
(96.7%)

2
(2.2%)

0 33.3%
(0.84–90.6)

100%
(95.4–100)

100% 97.8%
(95.2–99)

12 week follow up
(n = 157)

8
(5.1%)

147
(93.6%)

1
(0.6%)

1
(0.6%)

88.9%
(51.8–99.7)

99.3%
(96.3–99.9)

88.9%
(52.8–98.3)

99.3%
(95.9–99.9)

All samples
(n = 514)

269
(52.3%)

236
(45.9%)

8
(1.6%)

1
(0.2%)

97.1%
(94.4–98.8)

99.6%
(97.7–99.9)

99.6
(97.4–99.9)

96.7
(93.7–98.3)

Abbreviations: HCV RNA, hepatitis C virus ribonucleic acid; HCVcAg, hepatitis C virus core antigen; PPV, positive predictive value; NPV, negative
predictive value; CI, confidence interval.

Figure 1. Correlation between HCVcAg and HCV-RNA in samples collected before the treatment.

Table 3. Characteristics of discordant samples.
Sample
number

Time-point of
collection

HCV RNA
[IU/ml]

HCVcAg
[fmol/L]

1 baseline 375 undetectable
2 baseline 968 4.68
3 baseline 5070 undetectable
4 baseline 6190 undetectable
5 baseline 7400 undetectable
6 End of treatment 34 undetectable
7 End of treatment <15 undetectable
8 12 week follow up <15 undetectable
9 12 week follow up undetectable 6.89

192 M ŁUCEJKO ET AL.



only 4 had HCV RNA below 1000 IU/ml [28]. Therefore,
risk of misdiagnosing an HCV-infected patient seems to
be low. However in high-risk infection groups, the HCV
RNA test should be prioritized. EASL guidelines, the WHO
Global Hepatitis Report 2017 and some national guide-
lines have included HCVcAg testing for confirmation of
acute or chronic the HCV infection, as an alternative to
HCV RNA testing [4,7,8].

Several studies have confirmed that anti-viral therapy
strongly and quickly suppress HCV viral load to the unde-
tectable level [29,30]. Some have demonstrated the
potential utility of HCVcAg and HCV RNA measurements
in the early stages of treatment to assess the prediction of
response to treatment [13]. On the other hand, some
showed that on-treatment levels of HCVcAg and HCV
RNA had no predictive value for possible relapse or SVR
[12,31,32]. Therefore, most expert groups do not recom-
mend HCVcAg and HCV RNA evaluation during and at
the end of anti-viral treatment to predict treatment
effectiveness.

We found two cases of complete non-responders,
with detectable HCV RNA at the end of treatment. In
the first, HCV RNA and HCVcAg were detectable at the
end of treatment. This patient did not achieve SVR and
had detectable, but ‘grey zone’, HCVcAg. The second
non-responder had HCV RNA of 34 IU/ml at the end of
the treatment, while HCVcAg was undetectable. At the
follow-up visit, viral load increased to 9.98 × 106 IU/ml.
Unfortunately, HCVcAg testing was not performed in
this case due to technical reason. Another case had
detectable but not quantifiable HCV RNA and with
undetectable HCVcAg at the end of treatment and
achieved both SVR and SSR. Eleven patients had traces
of HCVcAg at the end of treatment (interpreted as
negative results), who finally achieved SVR. In summary,
from nine patients who did not achieve SVR, only one
demonstrated detectable both HCV RNA and HCVcAg at
the end of treatment and the other had detectable HCV
RNA but not HCVcAg at the end of treatment. This
supports the thesis of the inappropriateness of testing
patients during and at the end of treatment with anti-
virals. Furthermore, patients evaluated for the treatment
efficacy with HCVcAg levels detectable in a ‘grey zone’
should be additionally tested for HCV RNA. The most
important time-point is the evaluation of the treatment
efficacy with either HCV RNA or HCVcAg after the post-
treatment follow-up period. In our study concordance
between these two tests achieved 88.9% and was
slightly lower than in study of van Tilborg et al. [33].

This work represents an advance in biomedical;
science because it shows that HCVcAg measurement
could be a potential alternative for treatment effective-
ness monitoring with HCV RNA after anti-viral regimens
and that HCVcAg may also be useful in the diagnosis of
HCV infection because it can replace the two-step testing
with anti-HCV and HCV RNA.

Summary table

What is known about this subject:
● Despite many disadvantages, HCV RNA measurement, with real-time
PCR assay, is still in use to evaluate the efficacy of anti-viral treatment.

● HCVcAg concentration correlate positively with HCV RNA and the
method has many advantages such as lower workload, faster results
and lower costs.

● Determination of HCVcAg or HCV RNA disappearance after successful
treatment corresponds to the definitive cure of HCV infection.

What this paper adds:
● In patients treated with directly acting antivirals regimens HCVcAg
measurement could be alternative for treatment effectiveness mon-
itoring with HCV RNA.

● HCVcAg may also be useful in the diagnosis of HCV infection.
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