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Abstract 

Background  The current diagnostic strategy for hepatitis C virus (HCV) infection involves a two-step approach: 
antibody HCV screening followed by confirmatory nucleic acid testing. This study aimed to evaluate the diagnostic 
performance of the Abbott ARCHITECT HCV Ag assay in serum/plasma samples as a potential one-step alterna‑
tive for diagnosing active HCV infection in people living with hepatitis B virus (PLWHB) through a systematic review 
and meta-analysis.

Methods  A systematic review and meta-analysis were conducted following PRISMA-DTA guidelines. This protocol 
was registered on PROSPERO (CRD42023402093). A comprehensive search of electronic databases identified studies 
published up to 1 November 2024, comparing the ARCHITECT HCV Ag assay to an HCV-RNA reference standard. Sen‑
sitivity, specificity, and likelihood ratios were pooled using a random-effects model within the MIDAS module of Stata 
software. Study quality was assessed using QUADAS-2. Heterogeneity was evaluated using the Q statistic, quantified 
using the I², and further explored through meta-regression.

Results  Ten studies (n = 494 participants) met inclusion criteria. The Abbott ARCHITECT HCV Ag assay demonstrated 
high sensitivity [91%, 95% confidence interval (CI): 76–97%] and specificity (99%, 95% CI: 99–100%). The positive likeli‑
hood ratio (PLR) was 81.20 (95% CI: 12.34–534.36), and the negative likelihood ratio (NLR) was 0.09 (95% CI: 0.03–0.27). 
The area under the summary receiver operating characteristic curve (AUC-SROC) was 99% (95% CI 98–100%). In 
regions with high HCV prevalence (≥ 10%), the test accurately confirmed active HCV infection in over 90% of cases. 
However, confirmatory testing remains necessary in low-prevalence settings (≤ 5%). The assay demonstrated an excel‑
lent ability to identify individuals without HCV infection, with a low false-negative rate (≤ 2%) regardless of HCV 
prevalence. Heterogeneity analysis revealed moderate to substantial variation in test performance (I² = 72.09% 
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for sensitivity, 35.47% for PLR, and 78.33% for NLR). QUADAS-2 applicability concerns predicted heterogeneity, but dif‑
ferences were likely insignificant due to minimal variations and limited studies.

Conclusions  The Abbott ARCHITECT HCV Ag assay exhibited promising accuracy in detecting active HCV infection 
among PLWHB. This test might help diagnose active HCV infection in high-prevalence scenarios (≥ 10%) but needs 
further confirmation in low-prevalence settings (≤ 5%).

Keywords  Hepatitis C, HCV core antigen, Diagnostic performance, Clinical applicability, HCV/HBV-coinfection

Background
Viral hepatitis, particularly caused by the hepatitis B 
virus (HBV) and hepatitis C virus (HCV), remains a sig-
nificant global health burden with increasing mortality 
rates [1]. Chronic hepatitis, predominantly attributed to 
HBV and HCV, is a leading cause of liver-related deaths. 
HCV/HBV coinfection exacerbates disease progres-
sion, increasing the risk of cirrhosis and hepatocellular 
carcinoma [2]. Moreover, this coinfection complicates 
treatment, heightens the risk of viral reactivation and 
transmission, and poses a substantial challenge for infec-
tion management and control [3].

HCV/HBV coinfection is relatively common, par-
ticularly in high-risk populations such as persons who 
inject drugs, HIV-positive individuals, and hemodialysis 
patients [1]. The prevalence of hepatitis C among people 
living with HBV (PLWHB) varies geographically due to 
differing viral distributions and transmission patterns [1]. 
However, HCV/HBV coinfection may be underdiagnosed 
due to non-specific symptoms and restricted access to 
comprehensive screening.

HCV and HBV testing is essential to identify coinfected 
individuals. In particular, diagnosing active HCV infec-
tion involves two sequential steps [4]: detecting antibod-
ies (anti-HCV) followed by directly detecting the viral 
genome (HCV-RNA) using polymerase chain reaction 
(PCR). Implementing the current HCV diagnostic algo-
rithm in low- and middle-income countries (LMICs) 
and among high-risk populations poses significant chal-
lenges, resulting in low diagnostic rates and many indi-
viduals remaining unaware of their infection [5, 6]. It 
underscores the potential of adopting a single-stage diag-
nostic test to meet the WHO’s goal of diagnosing 90% of 
HCV-infected individuals by 2030 [7].

HCV core antigen (HCVcAg) testing offers a rapid, 
cost-effective, and sensitive alternative to HCV-RNA 
detection, capable of being performed in a single step [8]. 
Released into plasma during viral assembly, HCVcAg is 
highly conserved across various virus strains and can be 
detected earlier than antibodies, persisting throughout 
infection to indicate active HCV infection [8, 9]. Com-
pared to the two-step algorithm, the HCVcAg test is 
more economical, faster (< 40 min), and allows for a sam-
ple throughput [10, 11]. Various platforms are available 

to detect HCVcAg [12, 13]. Among them, the Abbott 
ARCHITECT HCV Ag assay (Abbott Diagnostics) stands 
out for its widespread use and performance in sensitiv-
ity and specificity [8]. This assay has become a valu-
able tool for detecting active HCV infection in chronic 
patients and monitoring antiviral treatment [14–17]. Sci-
entific evidence supports the clinical utility of the Abbott 
ARCHITECT HCV Ag assay, making it a benchmark for 
HCV diagnosis [8]. However, it is essential to evaluate 
the performance of this assay in complex clinical settings 
such as HCV/HBV coinfection. Therefore, consensus 
around assays with solid evidence, such as the Abbott 
ARCHITECT HCV Ag, can improve the comprehensive 
care of patients with viral hepatitis.

Serological tests can be more challenging to interpret 
in HCV/HBV coinfection due to the viruses’ interaction 
and the body’s immune response [3, 18]. Consequently, 
HCV/HBV coinfection results in lower plasma levels of 
HCV RNA compared to HCV monoinfection. There-
fore, it is essential to consider that plasma HCVcAg levels 
might also be reduced, potentially affecting the diagnos-
tic accuracy of the HCVcAg test.

This study aims to evaluate the diagnostic performance 
of the Abbott ARCHITECT HCV Ag assay for detecting 
active HCV infection in the serum/plasma of PLWHB 
through a systematic review and meta-analysis of all eli-
gible studies published up to 1 November 2024.

Methods
This systematic review adhered to rigorous methodo-
logical standards outlined in the Cochrane Handbook for 
Diagnostic Test Accuracy Reviews [19] and the Preferred 
Reporting Items for Systematic Reviews and Meta-anal-
ysis of Diagnostic Test Accuracy (PRISMA-DTA) state-
ment [20]. For transparency, the PRISMA-DTA checklist 
is provided in Additional File 1.

ARCHITECT HCV Ag assay
The ARCHITECT HCV Ag assay is a two-step chemi-
luminescent microparticle immunoassay that quantifies 
HCVcAg in serum or plasma samples. Microparticles 
coated with monoclonal anti-HCV are employed for 
HCVcAg detection. In the first step, sample pretreat-
ment lyses viruses and releases HCVcAg from immune 



Page 3 of 13Treviño‑Nakoura et al. Infectious Diseases of Poverty           (2024) 13:89 	

complexes. The released HCVcAg is detected in the sec-
ond step. The entire process is automated on the Abbott 
ARCHITECT analyzer, and HCVcAg concentration is 
calculated using a calibration curve [13, 21].

Manufacturer’s specifications indicate a cut-off of 3 
fmol/L (0.06 pg/ml), corresponding to a detection limit 
of approximately 500–3000 IU/ml HCV-RNA, depend-
ing on the HCV genotype [22, 23]. Results are inter-
preted as follows: (i) non-reactive: HCVcAg < 3 fmol/L; 
(ii) reactive: HCVcAg > 10 fmol/L; (iii) indeterminate: 3 
fmol/L < HCVcAg < 10 fmol/L, requiring retesting. Then, 
a reactive result is defined as > 3 fmol/L, and a non-reac-
tive result as < 3 fmol/L [21].

Search strategy
We conducted a comprehensive search across multi-
ple electronic databases, including MEDLINE/PubMed, 
EMBASE, SCOPUS, Web of Science, and Cochrane 
Library, to identify relevant studies. This search encom-
passed all studies published up to 1 November 2024 
without language, study design, or geographic loca-
tion restrictions. Our search combined terms related 
to hepatitis C (e.g., ‘hepatitis C’, ‘HCV’), clinical labora-
tory diagnoses (e.g., ‘PCR’, ‘immunoassay’), HCV anti-
gens (e.g., ‘HCVcAg’, ‘core protein’), and the diagnostic 
performance of the ARCHITECT HCV Ag assay (e.g., 
‘accuracy’, ‘sensitivity’). These terms were linked using 
the ‘AND’ operator. Additionally, we meticulously hand-
searched the reference lists of included studies to iden-
tify any potential studies missed in the initial search. 
The search strategy, including databases, Medical Sub-
ject Heading (MeSH) terms, and keywords, is detailed 
in Additional File 2. Notably, this protocol was pre-reg-
istered on the International Prospective Register of Sys-
tematic Reviews (PROSPERO) [24] (registration number 
CRD42023402093). This rigorous approach follows best 
practices for reproducible, transparent, and unbiased 
diagnostic meta-analyses [25].

Study selection
The following criteria were applied to ensure that stud-
ies included in this systematic review were relevant and 
provided high-quality data. Inclusion criteria: (i) studies 
evaluated the diagnostic accuracy of the Abbott ARCHI-
TECT HCV Ag assay for detecting active HCV infection 
in serum, plasma, or whole-blood samples from indi-
viduals coinfected with HCV and HBV; and (ii) studies 
compared the Abbott ARCHITECT HCV Ag assay to a 
HCV-RNA test (reference method) and provided suf-
ficient data to construct a 2 × 2 contingency table for 
calculating sensitivity, specificity, and other relevant sta-
tistical parameters. Exclusion criteria: (i) studies not pro-
viding original data, including reviews, meta-analyses, 

studies with unavailable full-text, or data published in 
non-research formats (e.g., chapter books, conference 
proceedings, editorials, case reports); (ii) publications 
with data that could not be extracted for the meta-anal-
ysis, even after contacting the authors; (iii) studies with 
very small sample sizes (n ≤ 8) to minimize potential bias 
in the random-effects model, and (iv) studies involving 
commercial samples, non-human subjects, or tests not 
commercially available.

Data extraction
Two independent reviewers (AT-N and DS-C) ini-
tially screened and selected studies based on titles and 
abstracts. A third-party reviewer team (JMB and SR) 
verified these selections to ensure consistency. When the 
information in the abstract was insufficient, one reviewer 
(DS-C) emailed the study authors for clarification. The 
study was excluded if the authors could not be reached 
after three attempts.

Quality assessment
To assess the methodological quality of the included 
studies, we employed the four key domains of the Qual-
ity Assessment of Diagnostic Accuracy Studies-2 (QUA-
DAS-2) framework [26]: patient selection, index test, 
reference standard, and flow of participants, including 
test timing (Additional File 3). Two independent review-
ers (AT-N and DS-C) evaluated each study for poten-
tial risk of bias and applicability. A third reviewer (SR) 
resolved any discrepancies. Risk of bias was assessed 
across all domains, while concerns regarding applicabil-
ity focused on the first three domains (patient selection, 
index test, and reference standard). We categorized risk 
of bias and applicability ratings as ‘low,’ ‘high,’ or ‘unclear,’ 
with ‘unclear’ used only when insufficient data precluded 
a definitive judgment.

Statistical analysis
All statistical analyses were conducted using STATA 
18.0 (STATA Corp., College Station, TX, USA) with the 
MIDAS module and R statistical package version v4.4.1 
(R Foundation for Statistical Computing, Vienna, Aus-
tria). Random-effect models accounted for potential 
heterogeneity across studies [19, 27]. For each included 
study, sensitivity, specificity, and their corresponding 
95% confidence intervals (95% CI) were calculated using 
true positive (TP), false positive (FP), false negative (FN), 
and true negative (TN) rates derived from 2 × 2 contin-
gency tables. A bivariate random-effects model was used 
to estimate pooled sensitivity, specificity, positive likeli-
hood ratio (PLR), negative likelihood ratio (NLR), and the 
area under the summary receiver operating characteristic 
curve (AUC-SROC) for studies with both TP + FN > 0 and 
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FP + TN > 0. A separate univariate analysis included stud-
ies with either TP + FN = 0 or FP + TN = 0.

Diagnostic accuracy was assessed using AUC-SROC 
values, interpreted as follows: 50–60% (low accuracy, not 
recommended); 60–70% (poor); 70–80% (fair); 80–90% 
(good); and 90–100% (excellent) [28]. The clinical validity 
of the HCVcAg test was assessed using three analytical 
tools: a likelihood ratio scatter plot, a probability modify-
ing plot, and Fagan’s nomogram [29–31]. The likelihood 
ratio scatter plot visually represents the test’s diagnostic 
accuracy by categorizing PLR and NLR into quadrants 
based on their discriminative ability [29]. The probability 
modifying plot shows how the positive and negative pre-
dictive values (PPV and NPV) of the HCVcAg test change 
with varying HCV prevalence (pre-test probability) [30]. 
Fagan’s nomogram provides a more precise calculation 
of how an HCVcAg result impacts the likelihood of HCV 
infection (post-test probability), considering HCV preva-
lence [31].

Heterogeneity in effect sizes was evaluated using the 
Chi-squared test (Q statistic) and Higgins’ inconsist-
ency index (I²). A P-value ≤ 0.10 for the Q statistic indi-
cated statistically significant heterogeneity, suggesting 
the observed differences in results are unlikely due to 
chance alone [19]. The I² index quantified the propor-
tion of variability not explained by sampling error, 
interpreted as follows: ≤ 30% (might not be important); 
30–60% (moderate heterogeneity); 60–75% (substantial); 
and ≥ 75% (considerable) indicates a greater influence of 
factors other than chance on the study results [32, 33]. 
To understand heterogeneity sources, Galbraith’s plot 
(potentially revealing outliers that might influence overall 
results) [34], bivariate boxplots (allowing for exploration 
of potential covariate effects) [35], Baujat plot (highlights 
the individual study impact on the pooled effect and het-
erogeneity) [36], and meta-regression analysis (poten-
tially identifying factors that contribute to heterogeneity) 
were employed [37]. Meta-regression investigated the 
influence of factors (P ≤ 0.10) [19], such as: (i) publication 
year (Yes ≤ 2017; No > 2017); (ii) setting (Yes LMICs; No 
high-income countries); (iii) sample size (Yes ≤ 50; No > 
50); (iv) biological sample type (Yes serum; No plasma 
or serum/plasma); (v) sample condition (Yes frozen; No 
unknown); (vi) HCV prevalence (Yes ≤ 50; No > 50); 
(vii) COBAS Ampliprep/COBAS TaqMan HCV Real-
time PCR assay as the reference standard (Yes/No); (viii) 
overall QUADAS-2 risk (Yes low/unclear; No high), (ix) 
QUADAS-2 risk of bias (Yes low/unclear; No high), and 
(x) QUADAS-2 applicability concerns (Yes low/unclear; 
No high).

To assess publication bias, we used two methods to 
obtain a more accurate and reliable estimate of the over-
all effect size. Deeks’ funnel plot asymmetry test was 

used to identify potential bias [38], with a P ≤ 0.10 indi-
cating potential bias [19], while the Trim and Fill method 
[39] was employed to adjust for missing studies.

Results
Search results
Our search strategy identified 9879 relevant studies 
through a comprehensive database search (Fig.  1A). 
Following a rigorous review of titles and abstracts, we 
excluded 9662 duplicates, irrelevant records, studies 
unrelated to HCV, and reviews or other research arti-
cles on HCV diagnosis that did not evaluate the objec-
tive diagnostic performance. A further 207 studies were 
excluded from the remaining 217 potentially relevant 
studies because they did not mainly assess the Abbott 
ARCHITECT HCV Ag assay or lacked data on PLWHB. 
Finally, ten studies were selected for the meta-analysis 
[40–49].

Article characteristics
Table  1 summarizes the key characteristics of the ten 
studies included in this review [40–49]. These stud-
ies were published between 2012 and 2023. While most 
studies employed a cross-sectional design, two were lon-
gitudinal [47, 49]. Moreover, half of the included studies 
were conducted in LMICs [42, 44, 45, 47, 49]. The sam-
ple size for HCVcAg detection was 494 PLWHB, with 
a pooled prevalence of active HCV infection of 63.06%. 
The average participant age across studies was 45.05 
years; males comprised 72.41% of the sample.

Most studies included data from HCV treatment-naive 
individuals [40, 42, 44–49]; one study involved HCV 
therapy monitoring after treatment initiation [43], and 
another included a mix of treated and untreated patients 
[41]. HCV genotypes ranged from 1 to 6, and HIV status 
was reported in nine studies (prevalence ranging from 0 
to 98.10%) [41–49]. Only two studies reported the inclu-
sion of injection drug users (IDUs) [47, 48].

The Abbott ARCHITECT HCV Ag assay was used in 
all articles to measure HCVcAg levels through a chemi-
luminescence immunoassay. The gold standard method 
for diagnosing HCV patients was primarily the COBAS 
Ampliprep/COBAS TaqMan HCV (Roche Diagnostics) 
[41, 43, 44, 46, 48]. Four studies employed the Abbott 
RealTime HCV Assay (Abbott Diagnostics) [42, 45, 
47, 49], while one study used a combination of COBAS 
Ampliprep/COBAS TaqMan HCV Real-time PCR 
(Roche Diagnostics) and Amplicor-HCV-Monitor Assay 
[40].

Assessment of risk of bias
The QUADAS-2 risk assessment (detailed in Fig.  1B, 
Additional File 3) revealed that none of the included 
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Fig. 1  Search Strategy and quality assessment. A presents a flow diagram outlining the search strategy used to identify relevant studies. B shows 
the QUADAS-2 risk of bias assessment for the included studies. Green indicates low risk, orange represents unclear risk, and red signifies high risk. 
cAg core antigen; HBV hepatitis B virus; HCV hepatitis C virus; RNA ribonucleic acid; QUADAS quality assessment of diagnostic accuracy study
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studies demonstrated a low risk of bias and low concerns 
regarding the applicability of all review questions. Patient 
selection remained unclear in four studies (40.0%) due 
to limited information on design, selection criteria, and 
exclusions [42, 46, 47, 49]. Moreover, one study (10%) 
[41] had a high risk of bias in the index test domain as 
the interpretation was influenced by knowledge of the 
reference standard results. Applicability concerns arose 
in another study (10%) [48] regarding the understand-
ing and applying the HCVcAg test. Moreover, the flow 
and timing domain was unclear in four studies (40%) 
[40, 43–45] due to inadequate descriptions of the inter-
val between tests, while another study (10%) [48] had a 
high risk due to poorly described intervals. All studies 
employed a reference standard with a low risk of bias and 
low concerns regarding the applicability. Given the high 
sensitivity and minimal variability of HCV-RNA tests, 

it is unlikely that knowledge of the reference standard 
results introduced bias into the index test.

Diagnostic performance
A pooled bivariate analysis of eight studies with 400 sam-
ples was conducted. Overall sensitivity was found to be 
91% (95% CI: 76–97%) (Fig. 2A) and specificity was 99% 
(95% CI: 99–100%) (Fig. 2B). These results translate to a 
PLR of 81.20 (95% CI: 12.34–534.36) (Fig. 2C), indicating 
a high probability of a positive test result being TP. Con-
versely, the NLR was 0.09 (95% CI: 0.03–0.27) (Fig. 2D), 
suggesting that the HCVcAg test is unlikely to miss true 
HCV cases.

A separate pooled univariate analysis including ten 
studies yielded slightly higher sensitivity than the bivari-
ate analysis (95% CI: 83–99%) (Additional File 4: Figure 
S1). Additionally, the AUC-SROC reached 99% (95% CI: 

Fig. 2  Forest plots of diagnostic accuracy measures for Abbott ARCHITECT HCV Ag assay using a bivariate random-effects model. This figure 
presents forest plots showing the diagnostic accuracy of the Abbott ARCHITECT HCV Ag assay for detecting active HCV infection in HCV/
HBV coinfected individuals compared to a confirmatory nucleic acid test. Each panel shows (A) sensitivity, (B) specificity, (C) PLR, and (D) 
NLR with corresponding 95% CI. 95% CI 95% confidence interval; df degrees of freedom; HBV hepatitis B virus; HCV hepatitis C virus; I2 Higgins’ 
inconsistency index; NLR negative likelihood ratio; PLR positive likelihood ratio; Q Cochran’s Q test statistic; Se sensitivity; Sp specificity
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98–100%) (Additional File 4: Figure S2), signifying the 
excellent diagnostic accuracy of the HCVcAg test.

Clinical applicability
A four-quadrant likelihood ratio scatter plot (Additional 
File 4: Figure S3) visually suggests that the HCVcAg test 
can confirm and rule out active HCV infection. Several 
simulations were performed using the probability modi-
fying plot and Fagan’s plots to explore further the test’s 
performance across different HCV prevalence levels 
(0.1%, 0.5%, 1%, 5%, 10%, and 15%).

The probability modification plot (Additional File 4: 
Figure S4) reveals that PPV varies with HCV preva-
lence. For HCV prevalence ≥ 5%, PPV is reasonably high 
(61–80%) but decreases markedly (< 27%) at lower preva-
lences (≤ 1%), increasing FP risk. However, NPV remains 
exceptionally high (≈ 100%) across all prevalence levels, 
making the test highly effective for ruling out active HCV 
infection.

Fagan’s plots (Fig.  3) corroborate these findings. At 
low prevalence (≤ 5%), the post-test probability of TP 
results ranges from 8 to 81%, suggesting a potential need 
for confirmatory testing. In contrast, at higher preva-
lence (≥ 10%), post-test probability exceeds 90%, reduc-
ing the need for confirmation. Notably, the likelihood 
of FN remains practically zero regardless of prevalence, 
reinforcing the test’s reliability in excluding active HCV 
infection.

Exploration of heterogeneity
Heterogeneity analysis revealed moderate to substan-
tial variation in test performance across studies. The I² 
for sensitivity was 72.09% (P < 0.001), showing consider-
able heterogeneity. Similarly, moderate heterogeneity was 
observed for PLR (I² = 35.47%, P < 0.001) and considera-
ble heterogeneity for NLR (I² = 78.33%, P < 0.001) (Fig. 2).

Potential sources of this variation were explored visu-
ally. The Galbraith plot (Additional File 4: Figure S5A) 
identified one study [42] as an outlier, falling outside the 
95% CI. Likewise, the bivariate boxplot (Additional File 4: 
Figure S5B) displayed outliers for three additional stud-
ies [40, 44, 48], which might contribute significantly to 
the overall heterogeneity. The Baujat plot (Additional 
File 4: Figure S6), like the Galbraith plot, identified one 
potential study [42] as a major contributor to heteroge-
neity. A sensitivity analysis was conducted to investigate 
the influence of individual studies further. This analysis 
involved excluding each study individually and examining 
its impact on heterogeneity and the test’s diagnostic per-
formance parameters (Additional File 5: Table S1). Inter-
estingly, although sensitivity analysis revealed significant 
variations in heterogeneity and diagnostic performance, 

these variations were not attributable to any particular 
study.

Our meta-regression analysis identified two factors sig-
nificantly impacting heterogeneity (P ≤ 0.10) (Additional 
File 5: Table  S2). Notably, only QUADAS-2 applicabil-
ity concerns significantly influenced both sensitivity and 
specificity (P ≤ 0.10) (Additional File 5: Table S3). While 
other factors like year of publication, sample size, sample 
condition, HCV-RNA assay manufacturer, QUADAS-2 
overall risk, and QUADAS-2 risk of bias showed a sig-
nificant effect on specificity (P ≤ 0.10) (Additional File 5: 
Table  S3), these differences are likely not clinically rele-
vant due to minimal variations between groups and the 
limited number of studies included.

Finally, Deeks’ funnel plot asymmetry test (Additional 
File 4: Figure S7A) provided evidence suggestive of pub-
lication bias (P < 0.001). These findings are further sup-
ported by the results of the Trim and Fill funnel plot 
(Additional File 4: Figure S7B).

Discussion
Our findings demonstrate that the Abbott ARCHITECT 
HCV Ag assay exhibits high accuracy (sensitivity 91%, 
specificity 99%) and excellent diagnostic performance 
(AUC-SROC 99%) in detecting active HCV infection. 
However, its clinical utility for confirming active HCV 
infection is limited, particularly in low-prevalence set-
tings (≤ 5%) where confirmatory testing might be needed. 
Conversely, the assay effectively rules out active HCV 
infection regardless of prevalence.

To our knowledge, this is the first meta-analysis evalu-
ating the diagnostic accuracy of the Abbott ARCHITECT 
HCV Ag assay for detecting active HCV infection in 
PLWHB serum/plasma samples. Building on our previ-
ous works demonstrating the HCVcAg test’s effective-
ness in various scenarios [14–17], this study addresses 
the knowledge gap regarding HCV/HBV coinfection. 
Due to limitations in available data, a subgroup analy-
sis of this population was not feasible. Collecting data 
from 10 studies encompassing 494 individuals provides 
a robust sample size to conclude the assay’s diagnostic 
accuracy in HCV/HBV coinfected patients. Our results 
align closely with previous meta-analyses in HCV mono-
infected [16] and HCV/HIV coinfected [14] populations. 
However, the HCVcAg test demonstrated a higher PLR 
in HCV/HBV coinfected individuals than in those coin-
fected with HCV/HIV, possibly due to viral interac-
tions. Moreover, viral interactions between HBV and 
HCV can occur in coinfected patients, leading to lower 
HCV RNA levels than HCV monoinfection [50], which 
may affect the assay’s sensitivity in patients with HCV-
RNA levels below 1000 IU/ml. However, it is rare to find 
patients with HCV-RNA levels below 1000 IU/ml, so the 
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impact of this interaction should be low. Future studies 
should investigate the effect of interactions between HBV 
and HCV on the diagnostic performance of the Abbott 
ARCHITECT HCV Ag assay.

While the Abbott Architect HCV Ag core antigen 
assay exhibits high sensitivity and specificity for detect-
ing active HCV infection in individuals coinfected 

with HBV, it is important to note that comparability 
with other commercial or in-house assays is not abso-
lute. This observation aligns with the principles out-
lined by Greenland [51], who highlights the variability 
and nuances inherent to different diagnostic methods, 
which the characteristics of the study population and 
test conditions can influence. Therefore, although the 
results of our meta-analysis are robust, it is essential to 

Fig. 3  Fagan’s nomograms for Abbott ARCHITECT HCV Ag assay. This figure shows Fagan’s nomograms illustrating the post-test probability 
of active HCV infection in HCV/HBV coinfected individuals using the Abbott ARCHITECT HCV Ag assay compared to a confirmatory nucleic acid test 
at various pre-test probability levels. Each panel represents a different pre-test prevalence of HCV infection: (A), 0.1% (B), 0.5% (C), 1% (D), 5%, (E) 
10%, and (F) 15%. DLR diagnostic likelihood ratio; HBV hepatitis B virus; HCV hepatitis C virus; NLR negative likelihood ratio; PLR positive likelihood 
ratio; Post-tp post-test probability; Pre-tp pre-test probability
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acknowledge that different assays may exhibit variable 
diagnostic performance.

Our meta-analysis strongly supports the Abbott 
ARCHITECT HCV Ag assay’s ability to diagnose active 
HCV infection, although its efficacy is influenced by 
HCV prevalence among PLWHB. Both the Fagan nom-
ogram and the probability modification plot demon-
strate the ability of the HCVcAg test to confirm infection 
decreases in populations with low prevalence, so a posi-
tive result should be interpreted with caution. In low-
prevalence settings (≤ 5%), a confirmatory nucleic acid 
amplification test (NAAT) is recommended for positive 
results. Conversely, in high-prevalence settings (≥ 10%), 
moderately high PPV values (≥ 61%) and a high post-test 
probability (> 90%) of a positive result could make the 
HCVcAg test reasonably reliable and a potential alterna-
tive to NAATs. On the other hand, the test is excellent at 
ruling out HCV infection, regardless of HCV prevalence 
(with NPV values close to 100% and a very low FN rate 
[≤ 2%]).

Although the HCVcAg test’s clinical utility varies, it 
demonstrates robust performance across diverse HCV 
prevalence settings. Considering HCV prevalence is cru-
cial for optimal test interpretation. The HCVcAg holds 
particular promise for marginalized populations and 
regions with high hepatitis C burden, where high-risk 
groups (IDU, homeless people, men who have sex with 
men, sex workers, incarcerated persons) are dispropor-
tionately affected [52]. HCV/HBV coinfection is preva-
lent in these populations because of shared transmission 
routes [1]. Moreover, the risk of HCV reinfection is 
heightened among vulnerable individuals due to persis-
tent high-risk behaviors [53].

HCV/HBV coinfection prevalence varies geographi-
cally [1]. Sub-Saharan Africa (2–40%), East Asia (3–20%), 
Europe (3–10%), the United States (3–15%), and Latin 
America (2–30%) report notable disparities [1, 54, 55]. 
LMICs are particularly affected due to limited infection 
control, healthcare access, and diagnostic tools, leading 
to increased vulnerability among impoverished popula-
tions [52]. Early detection and treatment are essential to 
curb virus transmission in these settings.

The quality of included studies is crucial for meta-
analysis accuracy. While no study was flawless, nine out 
of ten (90%) demonstrated high overall quality with mini-
mal bias in most assessed categories. However, limita-
tions included unclear sample selection, patient flow, and 
occasional missing study duration. Despite these issues, 
the meta-analysis’ applicability is considered high due 
to the low risk of bias and applicability concerns related 
to the reference standard. Although NAAT is not infal-
lible, its high sensitivity and minimal variability mitigate 
potential biases. Ideally, only the highest quality studies 

would be included; however, data availability restricted 
this approach.

The heterogeneity of effect sizes is a critical con-
cern in meta-analyses. We assessed heterogeneity using 
Cochran’s Q test and the I² statistic, providing a more 
reliable estimate [32]. As expected, given the complexi-
ties of diagnostic test studies, our analysis revealed sub-
stantial heterogeneity. To account for this, we employed 
a random-effects model [56]. Meta-regression exploring 
ten potential confounders identified only one with a sta-
tistically significant but clinically insignificant impact on 
sensitivity or specificity. While these factors were consid-
ered, other variables not included in this analysis, such as 
HCV viral load, subtype, HIV coinfection, RNA extrac-
tion methods, and genomic target, could also influence 
results.

Study strengths
Our study employed a rigorous methodology to ensure 
comprehensive and unbiased literature identification. A 
standardized protocol was applied across multiple inter-
national biomedical databases, including studies regard-
less of language, design, or origin [24]. To minimize bias, 
article selection, data extraction, and quality assessment 
were independently conducted by two researchers, with a 
third resolving discrepancies. The search strategy encom-
passed a comprehensive timeframe (1976–2024) and was 
optimized to create a complete database, resulting in a 
clear and informative flow chart.

Study limitations
Several limitations should be considered when inter-
preting our findings. First, the small number of included 
studies underscores the need for further research on the 
diagnostic performance of HCVcAg in PLWHB. Second, 
publication bias favoring positive findings may have influ-
enced the outcomes. Third, the absence of data on HCV 
viral load, subtype, and sample storage conditions limited 
our ability to assess potential confounders. Fourth, het-
erogeneity in HCV-RNA extraction and detection proto-
cols and variations in gold standards and cut-offs could 
introduce bias. Additionally, the manufacturer-defined 
HCVcAg assay cut-off hindered our ability to determine 
the exact HCVcAg concentration required for consistent 
HCV-RNA positivity. Finally, this study did not assess the 
cost-effectiveness of HCVcAg testing, a crucial factor for 
public health decision-making, especially in LMICs.

Conclusions
The Abbott ARCHITECT HCV Ag assay demonstrated 
promising performance in detecting HCV infection in 
serum/plasma samples from PLWHB. However, its util-
ity as a confirmatory test varied according to prevalence. 
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In high-prevalence settings (≥ 10%), confirmation accu-
racy was acceptable, while in low-prevalence settings 
(≤ 5%), confirmatory NAAT remained essential. Moreo-
ver, it effectively ruled out active HCV infection regard-
less of HCV prevalence. Nevertheless, further evaluation 
of diagnostic accuracy in real-world clinical settings is 
required.
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