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Abstract

Objective: To establish an optimal confi rmation zone for initial hepatitis B surface antigen 
(HBsAg) results obtained via Chemiluminescence Microparticle Immunoassay (CMIA) on the 
Architect i1000SR platform, aiming to enhance diagnostic accuracy and reduce unnecessary 
confi rmatory testing and associated costs. 

Methods: A retrospective-prospective mixed study was conducted on 231 serum samples 
analysed at the Centre Pasteur of Cameroon between April 2018 and December 2019. Initial 
results obtained using the Architect HBsAg Qualitative II assay were confi rmed through the 
Architect HBsAg Confi rmatory test. Samples encompassed a broad range of signal-to-cutoff 
(S/CO) ratios (0.9 –> 500). Confi rmation rates were analysed across intervals. Fisher’s exact test 
with Bonferroni correction was applied to assess statistical differences. 

Results: Of the 231 samples meeting inclusion criteria, 172 (74.5%; 95% CI: 68.3–79.9) were 
confi rmed reactive, representing 74.8% of initially reactive samples (172/230). Confi rmation rates 
were lowest in the 1.00–1.10 interval (9.1%) and the 1.10–10.00 interval (48.8%), both signifi cantly 
lower than for samples above 200 S/CO (p < 0.0001). All samples above 200 S/CO were confi rmed 
positive. The highest unconfi rmed S/CO value observed was 170.01, supporting the effectiveness 
of the defi ned confi rmation range (S/CO 0.90–200). 

Conclusion: The optimal confi rmation zone was defi ned as 0.90–200 S/CO. Confi rmatory 
testing below this threshold is essential, while values >200 can be considered defi nitively positive. 
Implementing this strategy can reduce costs, streamline workfl ow and turnaround times 
especially in resource-limited settings without compromising accuracy.

regions continue to face high endemicity. According to the 
World Health Organisation (WHO), as of 2022, only about 
13% of persons living with HBV were aware of their infection, 
and merely 3% received treatment, underscoring the ongoing 
public health burden [1]. 

Early and accurate diagnosis of HBV infection is vital 
for initiating appropriate clinical management, reducing 
transmission, and implementing effective public health 
interventions. The detection of hepatitis B surface antigen 
(HBsAg) remains the primary diagnostic marker for active and 
chronic infection [6,7]. Modern serological testing methods, 
especially Chemiluminescence Microparticle Immunoassay 

Introduction  

Hepatitis B virus (HBV) infection remains a signiϐicant 
global health challenge, affecting over 250 million individuals 
worldwide and resulting in approximately one million deaths 
annually [1]. The infection can manifest as both acute and 
chronic forms, with chronic hepatitis B leading to severe liver 
complications such as cirrhosis and hepatocellular carcinoma 
[2,3]. Transmission primarily occurs through perinatal 
exposure, close contact with infected blood or bodily ϐluids, 
sexual contact, and unsafe injection practices [4,5]. Despite the 
introduction and widespread deployment of effective vaccines 
that have substantially reduced the prevalence of HBV, many 
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Methods (CMIA), offer high sensitivity and speciϐicity; 
however, they can also produce false-positive or equivocal 
results, particularly when values are near the assay’s cutoff 
thresholds [8,9]. Such results necessitate conϐirmatory testing 
to distinguish true infections from false reactivities, ensuring 
optimal use of healthcare resources and improving diagnostic 
conϐidence. 

Current guidelines emphasise the importance of 
conϐirmatory testing for initial reactive HBsAg results, 
particularly those close to the positive cutoff, to prevent 
misdiagnosis and unnecessary treatments [10-12]. 
Nonetheless, the criteria and thresholds for conϐirmation vary 
across settings, and overly restrictive or broad strategies may 
lead to either missed diagnoses or unnecessary follow-up 
testing, thereby impacting costs and clinical decision-making 
[13]. Optimizing the conϐirmation zone—the speciϐic range 
of signal-to-cutoff (S/CO) ratios that reliably predicts true 
positivity—could streamline laboratory workϐlows, reduce 
costs, and improve diagnostic accuracy. 

This study aims to deϐine the optimal conϐirmatory zone 
of initial HBsAg results obtained by CMIA on the Architect 
i1000SR platform. Establishing such a threshold is expected 
to enhance diagnostic accuracy while reducing costs and 
turnaround time, thereby supporting public health programs 
and improving patient management, particularly in high-
endemic settings and low- and middle-income countries. 

Materials and methods
Study design and setting

This study was conducted at the Centre Pasteur of 
Cameroon and employed a mixed retrospective and 
prospective approach from April 2018 to December 2019. 
The primary objective was to determine the optimal S/CO 
conϐirmation zone for HBsAg testing utilizing the Architect 
i1000SR platform (Abbott Diagnostics). 

Study population and sample collection 

Participants included individuals undergoing HBV 
screening. Samples with initial S/CO ratios between 0.9 
and 500 were included. Samples exceeding 500 S/CO were 
considered deϐinitively positive and used as positive controls 
for performance assessment. The samples were stratiϐied into 
three categories based on initial S/CO: negative (< 0.90), gray 
zone (0.90–1.10), and positive (≥ 1.10). 

Laboratory procedures

All assays were performed following the manufacturers’ 
instructions within a certiϐied laboratory adhering to quality 
standards. Initial screening employed the Architect HBsAg 
Qualitative II assay. Reactive samples were conϐirmed using 
the Architect HBsAg Qualitative II Conϐirmatory assay, which 
employs an antibody-mediated neutralization principle 
(Figure 1). Conϐirmation was deemed positive if neutralization 

was successful; otherwise, the results were considered false 
positives. Data collection and record management adhered 
to strict quality protocols, with systematic documentation in 
Microsoft Excel 2010 to ensure traceability. 

Data analysis and determination of the 
confi rmation zone 

Samples were stratiϐied into 9 S/CO intervals, and 
conϐirmation rates were calculated as the proportion of initially 
reactive samples that tested reactive upon conϐirmation, with 
95% conϐidence intervals (CI). True positives (TP), false 
positives (FP), true negatives (TN), and false negatives (FN) 
were identiϐied based on conϐirmatory results. 

Fisher’s exact test with the Bonferroni correction assessed 
differences from the reference group (threshold interval 
above which all samples show conϐirmed reactive ratios), 
with the adjusted p - value < 0.05/9 considered signiϐicant. 
The conϐirmation zone was deϐined as the S/CO interval where 
conϐirmatory testing remained necessary to ensure accurate 
diagnosis. Sensitivity analyses employed uncorrected p-values 
to evaluate the robustness of ϐindings. 

Ethical considerations 

Patient conϐidentiality was maintained by anonymization. 
The study was approved by the institutional review board. 

Results
Sample analysis and classifi cation results 

A total of 231 samples were analyzed, including 224 
with S/CO ratios between 0.90 and 500, and 7 with S/CO 
> 500 used as positive controls. Initial screening classiϐied 230 
samples (99.57%) as reactive and 1 (0.43%) as non-reactive. 
According to the laboratory algorithm, 12 samples (5.19%) 
fell within the equivocal zone, while 219 (94.81%; 95% 
CI: 92.9–96.4) were considered reactive. The distribution of 
S/CO values across predeϐined intervals and classiϐications is 
presented in Table 1. 

Confi rmation outcomes and S/CO stratifi cation 

Out of 231 samples, 172 (74.5%; 95% CI: 68.3–79.9) were 
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Figure 1: Laboratory workfl ow for HBsAg testing on the Architect i1000SR. 
Initial screening results are classifi ed according to S/CO thresholds. 
Samples in the grey zone or reactive range undergo confi rmatory testing, 
which differentiates true positives from false reactive results.
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adjusted with the Bonferroni method; the global corrected 
signiϐicance threshold was set at p < 0.005. 

Defi ning the confi rmation zone 

The optimal conϐirmation zone was deϐined as S/CO values 
between 1.00 and 200. Conϐirmatory testing is critical in this 
range, particularly at the lower end, where false reactivity 
was common. Samples in the 1.00–1.10 interval had a very 
low conϐirmation rate (9.1%), highlighting the unreliability 
of results near the positivity cutoff. In contrast, all samples 
with S/CO > 200 were conϐirmed positive (100%), indicating 
that conϐirmation can be safely omitted beyond this threshold 
without loss of diagnostic accuracy. This stratiϐication 
provides a practical and cost-effective framework to improve 
diagnostic workϐlows and resource allocation, consistent with 
best practices in laboratory quality management (Figure 2). 

Discussion
Hepatitis B surface antigen (HBsAg) is a key marker for 

diagnosing active hepatitis B virus (HBV) infection, detectable 
in both acute and chronic phases. In our study of 231 samples, 
99.57% (230/231) were initially reactive, reϐlecting the high 
sensitivity of the current CMIA platform. 

However, 5.19% (12/231) of results fell within the 
laboratory-deϐined “gray zone,” requiring additional 
conϐirmation to ensure diagnostic reliability. 

conϐirmed reactive. The difference with the reference group 
(> 200 S/CO, all conϐirmed positive) was highly signiϐicant 
(p < 0.0001). Non-conϐirmed results mainly occurred in low 
S/CO ranges below 500 S/CO. 

Stratiϐied analysis by S/CO intervals (Table 2) showed 
signiϐicant variation in conϐirmation rates. The lowest was 
in the [1.00–1.10] interval (9.1%), followed by [1.10–10.00] 
(48.8%), both signiϐicantly lower than the reference group 
(> 200 S/CO, 100% conϐirmed; corrected p < 0.0001). In 
contrast, intervals above 50 S/CO showed near-perfect 
conϐirmation rates (≥ 80%–100%), with no signiϐicant 
differences compared with the reference after Bonferroni 
correction. The 150–200 interval had an intermediate 
rate (80.0%; corrected p = 0.2173), suggesting caution in 
interpretation due to potential false positives. 

Uncorrected Fisher’s exact test for the [10.00–50.00] 
interval approached signiϐicance (p = 0.049), indicating a 
possible difference, though this was not maintained after 
correction. This underscores the importance of the correction 
in establishing robust conϐirmation thresholds. 

p - values were calculated using Fisher’s exact test, with 
each S/CO interval compared against the reference group 
(>200 S/CO, all conϐirmed reactive). Multiple testing was 

Table 2: Test performance based on the S/CO interval and conϐirmation rate of HBsAg results.

S/CO Interval Number TP FP TN FN Con irmation Rate % (95% CI) p - value p -value (Corrected)

[0.90–1.00] 1 0 0 1 0 0.0 (0.0 – 97.5) 1 1

[1.00–1.10] 11 1 10 0 0 9.1 (0.2 – 41.3) <0.0001 <0.0001

[1.10–10.00] 80 39 41 0 0 48.8 (37.4 – 60.2) <0.0001 <0.0001

[10.00–50.00] 40 35 5 0 0 87.5 (73.2 – 95.8) 0.012 0.1079

[50.00–100.00] 17 17 0 0 0 100.0 (80.5 – 100.0) 1 1

[100.00–150.00] 18 18 0 0 0 100.0 (81.5 – 100.0) 1 1

[150.00–200.00] 10 8 2 0 0 80.0 (44.4 – 97.5) 0.022 0.2173

[200.00–500.00] 47 47 0 0 0 100.0 (92.4 – 100.0) 1 1

>500 7 7 0 0 0 100.0 (56.6 – 100.0) 1 1

Total 231 172 58 1 0 74.5 (68.3 – 79.9) <0.0001 <0.0001

Legend: TP = True Positives (Conϐirmed Reactive); FP = False Positives (Initially Reactive but Conϐirmed Non-Reactive); TN = True Negatives; FN = False Negatives. *Conϐirmation 
Rate = TP / N With 95% Conϐidence Intervals (CI).

Table 1: Distribution of samples and classiϐication by S/CO intervals.

S/CO interval Number of Abbott 
Samples

Laboratory algorithm 
interpretation

Frequency 
(%)

[0.90–1.00] 1 Non-reactive Grey zone 0.43%

[1.00–1.10] 11 Reactive Grey zone 4.76%

[1.10–10.00] 80 Reactive Reactive 34.63%

]10.00–50.00] 40 Reactive Reactive 17.32%

[50.00–100.00] 17 Reactive Reactive 7.36%

[100.00–150.00] 18 Reactive Reactive 7.79%

[150.00–200.00] 10 Reactive Reactive 4.33%

[200.00–500.00] 47 Reactive Reactive 20.35%

>500 7 Reactive Reactive 3.03%

Total 231 - - 100%
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Figure 2: Proposed confi rmation strategy based on S/CO intervals.



Optimizing Hepatitis B Surface Antigen Confi rmation Thresholds by Chemiluminescence Microparticle Immunoassay on the 
Architect i1000SR

 www.clinmedcasereportsjournal.com 295https://doi.org/10.29328/journal.acr.1001162

Overall, 74.78% (172/230) of initially reactive samples 
were conϐirmed as true positives, a rate higher than that 
reported by Shao, et al. [14], who observed 59% on the Roche 
Cobas e601 platform, particularly in the low S/CO range 
(0.9–10.0). When our analysis was restricted to this same 
interval (0.90–10.0 S/CO), the conϐirmation rate decreased 
to 44.56% (1 conϐirmed negative and 40 conϐirmed positives 
among 92 samples). A similar trend was reported by Kim, et 
al. [15], who evaluated 133 samples using the Elecsys HBsAg II 
assay and observed a 70.7% conϐirmation rate, with positivity 
deϐined by neutralization outcomes. More recently, Madiyal, 
et al. [12] highlighted the added value of conϐirmatory testing 
on the Roche Cobas platforms, showing an 87.71% reduction 
in equivocal results with the Elecsys HBsAg II kit (mean COI 
12 ± 10.9). Collectively, these ϐindings emphasize how assay 
technology, sample characteristics, and grayzone deϐinitions 
can markedly inϐluence conϐirmation outcomes, reinforcing 
the need for clear and standardized conϐirmation thresholds. 

Stratiϐied analysis revealed that false positives 
predominated at low S/CO values. Conϐirmation was extremely 
poor in the [1.00–1.10] interval (9.1%) and remained low in the 
[1.10–10.00] range (48.8%). These ϐindings align with Shao, et 
al. [14] and Lee, et al. [16], who reported that more than 40% 
of weakly reactive results (1.0–2.0 S/CO) were false positives 
and would have been misclassiϐied without neutralization 
testing. Similarly, Purnamawaty, et al. [11] identiϐied 1.08 COI 
as the optimal cutoff requiring conϐirmation, achieving 89.7% 
speciϐicity and 64.7% sensitivity. This threshold closely 
matches the zone in our study where false positives were 
most common, reinforcing the need for conϐirmatory testing 
in this range. Pasaribu, et al. [17] further supported these 
ϐindings, showing that all unconϐirmed results had S/CO values 
< 10, with ROC analysis deϐining 0.98–9.32 as the optimal 
conϐirmation zone (AUC = 83.3%, p < 0.001). Together, these 
data strongly support mandatory conϐirmation for results 
below 10 S/CO and provide robust evidence for a broader 
“conϐirmation zone” extending up to 200 S/CO. 

Importantly, our results also showed that all samples with 
S/CO ≥200 were conϐirmed positive, suggesting that above 
this threshold, conϐirmatory testing may safely be omitted. 
This is consistent with O’Brien [18], who proposed that only 
weakly reactive samples require conϐirmation, and with other 
studies demonstrating that high S/CO values reliably predict 
true positivity. However, the [150–200] interval deserves 
attention: despite its relatively high ratios, 20% of results in 
this range were false positives. These anomalies may reϐlect 
mutant HBsAg variants escaping neutralization or analytical 
interferences during screening. 

Statistical analysis strengthens these ϐindings. Using 
Fisher’s exact test with Bonferroni correction, only the 
[1.00–1.10] and [1.10–10.00] intervals showed signiϐicantly 
lower conϐirmation rates compared with the reference group 
(>200 S/CO), with corrected p < 0.0001. While uncorrected 

p - values suggested that the [10.00–50.00] interval might 
also differ (p = 0.049), this association disappeared after 
correction, conϐirming that only low S/CO values (< 10) truly 
behave differently. This conservative statistical approach 
reduces the risk of false-positive associations and supports 
deϐining the conϐirmation zone as 0.90–200 S/CO. Within this 
framework, values ≥ 50 S/CO behave statistically like those 
>200, justifying exemption from routine conϐirmation, while 
results near the cutoff require strict veriϐication. 

Limitations and implications 

Several limitations must be acknowledged. Data loss from 
2018 limited the completeness of sample records, and small 
sample sizes in some intervals restrict the generalizability 
of the thresholds. Moreover, as this study was conducted 
in a high-endemic setting (Cameroon) using the Architect 
i1000SR, external validation is needed across populations and 
platforms. 

Despite these constraints, our ϐindings have clear practical 
implications. Deϐining >200 S/CO as a deϐinitive threshold 
could reduce unnecessary conϐirmatory tests, saving time, 
reagents, and costs without compromising accuracy. At the 
same time, mandatory conϐirmation for values between 
1.00 and 10.00 S/CO prevents false diagnoses and ensures 
clinical reliability. Implementing such stratiϐied strategies 
enhances diagnostic efϐiciency and aligns with best practices 
in laboratory quality management. 

Key indings

- Conϐirmed nearly all samples with S/CO >200. 

- Conϐirmation rates increase progressively with S/CO. 

- The optimal conϐirmation zone is between 0.90 and 
200 S/CO. 

Conclusion 

Our analysis supports a practical conϐirmation policy 
for HBsAg testing on the Architect i1000SR: mandatory 
conϐirmatory testing for S/CO 0.90–200, especially for 
values under 10, and acceptance of S/CO ≥200 as effectively 
conϐirmed. This strategy provides a sound compromise 
between diagnostic safety and operational efϐiciency and 
can help laboratories in resource-limited and high-volume 
settings optimize reagent use and turnaround time while 
maintaining high diagnostic quality. 
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