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Background: Accurate, rapid, and cost-effective screening tests for hepatitis B virus (HBV) 
and hepatitis C virus (HCV) infection may be useful in laboratories that cannot afford auto-
mated chemiluminescent immunoassays (CLIAs). We evaluated the diagnostic perfor-
mance of a novel rapid automated fluorescent lateral flow immunoassay (LFIA).

Methods: A fluorescent LFIA using a small bench-top fluorescence reader, Automated 
Fluorescent Immunoassay System (AFIAS; Boditech Med Inc., Chuncheon, Korea), was 
developed for qualitative detection of hepatitis B surface antigen (HBsAg), antibody to 
HBsAg (anti-HBs), and antibody to HCV (anti-HCV) within 20 minutes. We compared the 
diagnostic performance of AFIAS with that of automated CLIAs—Elecsys (Roche Diagnos-
tics GmbH, Penzberg, Germany) and ARCHITECT (Abbott Laboratories, Abbott Park, IL, 
USA)—using 20 seroconversion panels and 3,500 clinical serum samples.

Results: Evaluation with the seroconversion panels demonstrated that AFIAS had ade-
quate sensitivity for HBsAg and anti-HCV detection. From the clinical samples, AFIAS 
sensitivity and specificity were 99.8% and 99.3% for the HBsAg test, 100.0% and 
100.0% for the anti-HBs test, and 98.8% and 99.1% for the anti-HCV test, respectively. 
Its agreement rates with the Elecsys HBsAg, anti-HBs, and anti-HCV detection assays 
were 99.4%, 100.0%, and 99.0%, respectively. AFIAS detected all samples with HBsAg 
genotypes A-F and H and anti-HCV genotypes 1, 1a, 1b, 2a, 2b, 4, and 6. Cross-reactivity 
with other infections was not observed. 

Conclusions: The AFIAS HBsAg, anti-HBs, and anti-HCV tests demonstrated diagnostic 
performance equivalent to current automated CLIAs. AFIAS could be used for a large-
scale HBV or HCV screening in low-resource laboratories or low-to middle-income areas.
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INTRODUCTION

Hepatitis caused by hepatitis B virus (HBV) or hepatitis C virus 

(HCV) is a huge health burden worldwide. HBV and HCV infec-

tion screening are mainly dependent on tests that detect hepati-

tis B surface antigen (HBsAg), antibody to HBsAg (anti-HBs), 

and antibody to HCV (anti-HCV).

Although highly sensitive automated systems using an en-

zyme immunoassay (EIA) or chemiluminescence immunoassay 

(CLIA) are available, many small or emergency laboratories with 

limited resources prefer to use rapid diagnostic tests (RDTs) uti-

lizing immunochromatographic lateral flow immunoassays 

(LFIAs) [1-3]. RDTs have the advantages of simplicity, no re-

quirement for an expensive analyzer, and rapid detection, and a 

variety of samples, including whole blood, oral fluid, serum, and 

plasma, can be used for RDTs [1-3]. 

While LFIAs have been used for rapid detection of hepatitis 

viruses [4-8], their clinical performance remains limited be-

cause of variable sensitivity and non-quantitative results. We de-

veloped Automated Fluorescent Immunoassay System (AFIAS) 

HBsAg, anti-HBs, and anti-HCV test kits (Boditech Med Inc., 

Chuncheon, Korea) that offer enhanced sensitivity and specific-

ity over previous low-efficiency RDTs. The principle of AFIAS is 

LFIA using a small bench-top fluorescence reader for qualitative 

measurement of HBsAg, anti-HBs, and anti-HCV in serum or 

whole blood samples. We evaluated the diagnostic performance 

of AFIAS in comparison with that of fully automated CLIAs, us-

ing commercially available panels and clinical serum samples.

METHODS

1.	Materials
We adapted fluorescent europium chelate [Eu(III)] in LFIA to 

improve sensitivity and specificity. For the anti-HCV and anti-

HBs tests, recombinant HCV and HBV specific antigens were 

conjugated with europium chelate and used as a detector for 

target antibodies. The recombinant HCV antigens represent the 

core, NS3, NS4, and NS5 proteins. For detection of HBsAg, a 

mouse monoclonal antibody against HBsAg was conjugated 

with europium chelate and used in a sandwich assay. The large 

“stokes shift” of these lanthanide-labeled detectors makes it 

easy to distinguish specific long-wavelength emission (λ 
em=615 nm) signals from the background fluorescence by 

time-resolved luminescence enhancing signal-to-noise ratios [9].

2.	Preparation of immunoassay strip and cartridge
The AFIAS test strip was fabricated in-house to fit into a dispos-

able cartridge and a laser scanner. The sample pad and the ab-

sorption pad were cut to a size of 4×20 mm and assembled 

with nitrocellulose onto a polystyrene-backing card. The capture 

antigen or antibody was dispensed as 1-mm-wide lines at the 

test line and the control line using a BioJet dispenser (BioDot, 

Irvine, CA, USA). The assembled strip was kept in a dry vacuum 

chamber for 24 hours before being placed into “all-in-one car-

tridges” designed to optimize the structure and operating princi-

ple of the AFIAS fluorescence scanner. The cartridge was then 

sealed in a foil pouch containing a desiccant and stored under 

refrigerated conditions (2–8°C). A laser scanner, AFIAS-6 (Bodi-

tech Med), was used to measure the fluorescence intensity 

along the cartridge strip (Fig. 1). The principles of the fluores-

cence scanner have been previously described [10].

3. AFIAS test principles and procedure 
The AFIAS HBsAg, anti-HBs, and anti-HCV tests can detect tar-

gets using an Eu(III) fluorescence immunochromatography-

based lateral flow assay. All measurements were performed us-

ing a semi-automated AFIAS involving a disposable test strip. 

First, 100 µL of each sample was added to the sample pad con-

taining a dried fluorescence-labeled detector antigen or anti-

body, and the sample was then moved onto the test strip by 

capillary action. If the target antigen or antibodies were present 

in the sample, they would react with the fluorescence-conju-

gated antibody or antigen to form an antibody-antigen complex 

on the nitrocellulose membrane. Fluorescence intensities of the 

target markers and control materials were detected using a por-

table fluorescence reader (AFIAS-6 reader). Fluorescence in the 

control line of the cartridge indicates adequate sample and cap-

illary movement. AFIAS contains lot-specific information and 

stored calibration statistics based on the values of serially di-

luted standard materials. The system can test three strips simul-

taneously within 20 minutes using 100 µL of each sample. Qual-

ity control samples were tested daily to verify test results. The 

sample results are presented as “positive” (HBsAg ≥1.0, anti-

HBs ≥15.0, and anti-HCV ≥1.0), “negative” (HBsAg <0.9, 

anti-HBs <5.0, and anti-HCV <0.9), or “indeterminate” (0.9 

≤HBsAg <1.0, 5.0 ≤anti-HBs <15, and 0.9 ≤anti-HCV <1.0) 

in the form of a relative cut-off index (COI).

4. Performance evaluation of AFIAS tests
1) Seroconversion panels and genotype specific samples
We used 20 commercially available seroconversion panels to 
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evaluate the sensitivity of the HBsAg (HBV6285, HBV11005, 

HBV6293, HBV6273, HBV6287, HBV11002, HBV11004, 

HBV11059, HBV11064, and HBV9072; ZeptoMetrix Co., New 

York, NY, USA) and anti-HCV (HCV6226, HCV6228, HCV9041, 

HCV9044, HCV9046, HCV9047, HCV10071, HCV10165, 

HCV10185, and HCV10235; ZeptoMetrix Co.) tests. The ability 

of AFIAS HBsAg to detect different genotypes was evaluated us-

ing the HBV Worldwide AccuSet performance panel (A-F, H) 

(0805-0247; SeraCare Life Sciences Inc., Milford, MA, USA). 

For AFIAS anti-HCV, we used HCV RNA genotype 1 positive 

plasma (catalog no. 0310-0040), HCV RNA genotype 1a posi-

tive plasma (catalog no. 0310-0043), HCV RNA genotype 1b 

positive plasma (catalog no. 0310-0046), HCV RNA genotype 

2a positive plasma (catalog no. 0310-0052), HCV RNA geno-

type 4 positive plasma (catalog no. 0310-0061), and HCV RNA 

genotype 6 positive plasma (catalog no. 0310-0067) from Sera-

Care Life Sciences Inc. and an anti-HCV mixed titer perfor-

mance panel (HCV/MP) for HCV genotype 2b (Korea Food and 

Fig. 1. Schematic illustration of Automated Fluorescent Immunoassay System (AFIAS). (A) AFIAS-6 system and cartridge: AFIAS all-in-one 
cartridges are designed to optimize the structure and operating principle of the reader. The automated test process enables the perfor-
mance of multiple simultaneous tests for six different samples. (B) Schematic representation of fluorescent signal detection by LFIA: AFIAS 
uses a sandwich immunodetection method. The cartridge contains a detection buffer including the dried reagent and monoclonal anti-
chicken IgY as an internal control; both dried reagent and monoclonal anti-chicken IgY are labeled with europium chelate [Eu(III)]. When 
mixed with the sample, the detector binds to target molecules (viral antigens of antibodies) in the sample, forming antigen-antibody com-
plexes. When the complexes migrate onto the nitrocellulose matrix, the other capture (antigen or antibodies) immobilized on the “Test line” 
forms a sandwich complex. The fluorescence-labeled anti-chicken IgY binds to the chicken IgY fixed to the “Control line.” The AFIAS scan-
ner quantifies the analytes by measuring the fluorescence intensity on the test strip induced by a laser. The fluorescence detector has a 
fixed absorption wavelength of 333 nm and an emission wavelength of 613 nm, which are the standard wavelengths for the detection of 
europium [Eu(III)] chelate conjugates. Fluorescence intensity is proportional to the concentration of the target molecules in the samples. 
The result of the samples is given as “positive,” “negative,” or “indeterminate” in the form of a relative cut-off index (COI).

A

B
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Drug Administration [KFDA], Osong, Korea).

2) Clinical serum samples
A total of 3,500 serum samples (1,500 for HBsAg, 500 for anti-

HBs, and 1,500 for anti-HCV) were collected from remnants of 

the samples at Seoul St. Mary’s Hospital, Korea. This study was 

approved by the Institutional Review Board of Seoul St. Mary’s 

Hospital (KC16DDSE0317, KC16DDSE0318, KC16DDSE0360). 

Serum samples were routinely requested for diagnosis of hepa-

titis infection from January 2016 to December 2016 and tested 

by electrochemiluminescent immunoassay (ELCIA) using the 

Elecsys HBsAg II, Elecsys anti-HBs, or Elecsys anti-HCV II kits 

(Roche Diagnostics GmbH, Penzberg, Germany). Some sam-

ples were obtained from hospitalized patients with autoimmune 

diseases, rheumatoid factor, malignancy, or other infections. 

Collected serum samples were stored at –80°C for no longer 

than 12 months, thawed, and centrifuged prior to use. To test 

cross-reactivity with other viral infections, serum samples with 

IgG against cytomegalovirus (CMV), Epstein-Barr virus (EBV), 

hepatitis A virus (HAV), herpes simplex virus (HSV), HBV, HCV, 

rubella, varicella-zoster virus (VZV), and Treponema pallidum 

(TP) were tested (See Supplemental Data Table S1). We also 

tested for interference from icterus (bilirubin <513 µmol/L), he-

molysis (Hb <0.12 mmol/L), lipemia (triglyceride <1.69 mmol/L, 

cholesterol <19.94 mmol/L), and anticoagulants (EDTA, hepa-

rin, and sodium citrate).

3) Comparative and confirmatory methods
Samples showing discrepant results for ELCIA and AFIAS to de-

tect HBsAg, anti-HBs, and anti-HCV were additionally tested 

using the Elecsys HBsAg Confirmatory Test (an independent 

neutralization test with human anti-HBs; Roche Diagnostics 

GmbH), ARCHITECT Anti-HBs (Abbott Laboratories, Abbott 

Park, IL, USA), and Deciscan HCV Plus (Bio-Rad Laboratories, 

Los Angeles, CA, USA), respectively. The Deciscan HCV PLUS 

assay is a line immunoassay using specific recombinant and 

peptide antigens (Core, NS3, NS4) to validate anti-HCV sero-

positivity. Indeterminate results from confirmatory tests were ex-

cluded from statistical analysis. For samples with discrepant re-

sults, clinical diagnoses were reviewed to confirm the results. To 

compare assays using seroconversion panels, Elecsys HBsAg II, 

ARCHITECT HBsAg (Abbott Laboratories), Elecsys anti-HCV II, 

and ARCHITECT anti-HCV (Abbott Laboratories) assays were 

used. All tests were performed and interpreted according to the 

manufacturer’s instructions. 

4) Statistics
Statistical analyses were performed using MedCalc version 16. 

4.3 (MedCalc Software bvba, Ostend, Belgium). Sensitivity and 

specificity were calculated with 95% confidence intervals (CI). 

For qualitative results, the positive, negative and total agreement 

(% with 95% CI) and Cohen’s kappa analysis were performed. 

For quantitative results, the coefficient of variation (CV) of COI 

values were analyzed. The limit of blank (LOB) was calculated 

as 1.645×SD of negative standard materials. The limit of detec-

tion (LOD) was calculated as follows: LOD=LOB+1.645 [SD low 

concentration sample]). 

For the AFIAS HBsAg tests, sensitivity was measured using 

the 3rd International Standard (National Institute for Biological 

Standards and Control (NIBSC) code:12/226) that was pre-

pared for HBsAg subtype adw1/adw2. The cut-off value of HB-

sAg test was determined using the serial dilutions of 3rd inter-

national standard (47.3 IU/mL, N=3 for each dilution). 

The AFIAS anti-HBs test was calibrated using six commercial 

standard materials (0, 10, 20, 50, 250, and 750 IU/L), Access 

HBsAb calibrators (0-750 IU/L; catalog no. A24297; Beckman 

Coulter, Inc., Brea, CA, USA), which were traceable to the 1st 

international reference for anti-HBs (NIBSC code W1042).

The AFIAS anti-HCV test was standardized with internal cali-

brators traceable to the reference method with in-house calibra-

tion. The cut-off level (0.9 COI) was determined using standard 

curves by testing 20 replicates of each diluted internal calibrator 

CV <10%. The LOB (0.216 COI) and LOD (0.436 COI) of anti-

HCV were determined as previously described for the AFIAS 

HBsAg test.

RESULTS

1. AFIAS HBsAg tests
In dilution analysis, the average COI values at different HBsAg 

concentrations ranging from 0.01 to 47.3 IU/mL were similar to 

the calculated values, and the CV (%) ranged from 2.0 to 

19.5%; the cut-off level was determined to be 0.05 IU/mL at 1.0 

COI (See Supplemental Data Table S2) with a CV <10%. The 

LOB was 0.05 COI, and the LOD was 0.08 COI. 

When 10 seroconversion panels were evaluated, comparator 

CLIAs revealed a higher number of positive samples compared 

with the AFIAS HBsAg test with five panels, which demon-

strated earlier detection (Table 1). The AFIAS HBsAg test de-

tected all seven different genotypes (A-F, H) clearly over the cut-

off by testing three replicates of diluted genotype panels (1:1, 

1:5, 1:25, and 1:125). The sensitivity and specificity of the 
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AFIAS HBsAg test with 1,500 clinical serum samples were 

99.8% (399/400) and 99.3% (1,092/1,100), respectively (Table 

2). The agreement with the Elecsys assay was 99.4% (Table 3). 

Cross-reactivity with other infections and interference were not 

observed. The samples with discrepant HBsAg test method re-

sults are summarized in Supplemental Data Table S3.	

2. AFIAS anti-HBs tests
The cut-off level was 10.0 IU/L. The LOB was 5.10 IU/L), and 

the LOD was 5.78 IU/L. The AFIAS anti-HBs test showed linear 

results up to 5,000 IU/L without a prozone effect (See Supple-

mental Data Table S4) using a standard material (KFDA 08/026, 

95.45 IU/vial) and anti-HBs negative pooled human sera. The 

sensitivity and specificity of the AFIAS anti-HBs test were both 

100% (Table 2), and its agreement with the Elecsys assay was 

100% (Table 3). None of the 70 CMV-, EBV-, HAV-, HCV-, ru-

bella-, VZV-, and syphilis-positive serum samples tested showed 

cross-reactivity with AFIAS anti-HBs (See Supplemental Data 

Table S1). No interference was found from icterus, hemolysis, 

lipemia, or anticoagulants.

Table 1. Comparison of HBsAg assays using commercial serocon-
version panels

Seroconversion panel 
Positive bleeds/Serial bleeds tested (N)

Elecsys HBsAg II ARCHITECT HBsAg AFIAS HBsAg

HBV6285 (01-16) 7/16 7/16 6/16

HBV11005 (01-13) 3/13 4/13 3/13

HBV6293 (01-07) 4/7 5/7 3/7

HBV6273 (01-06) 3/6 3/6 2/6

HBV6287 (01-11) 2/11 2/11 2/11

HBV11002 (01-06) 4/6 4/6 2/6

HBV11004 (01-08) 3/8 3/8 3/8

HBV11059 (01-09) 5/9 5/9 5/9

HBV11064 (01-09) 3/9 2/9 2/9

HBV9072 (01-17) 7/17 7/17 7/17

Total 41/102 (40.2%) 42/102 (41.1%) 35/102 (34.3%)

Abbreviations: AFIAS, Automated Fluorescent Immunoassay System; HBs
Ag, hepatitis B surface antigen; HBV, hepatitis B virus.

Table 2. Diagnostic performance of AFIAS for detecting HBsAg, anti-HBs, and anti-HCV

Sample N TP FN TN FP Sensitivity % (95% CI) Specificity % (95% CI)

HBsAg 1,500 399 1 1,092 8 99.8 (98.6–100.0) 99.3 (98.6–99.69)

Anti-HBs 500 200 0 300 0 100.0 (98.2–100.0) 100.0 (98.8–100.0)

Anti-HCV 1,500 395 5 1,090 10 98.8 (97.1–99.6) 99.1 (98.3–99.6)

Abbreviations: TP, true positive; FN, false negative; TN, true negative; FP, false positive; CI, confidence interval; HBsAg, hepatitis B surface antigen; anti-
HBs, antibody to HBsAg; anti-HCV, antibody to hepatitis C virus.

Table 3. Comparison between AFIAS and the Elecsys assays for detecting HBsAg, anti-HBs, and anti-HCV

Samples (N)
Positive Agreement (%) 

(95% CI)
Negative Agreement (%) 

(95% CI)
Total agreement (%)  

(95% CI)
Kappa (95% CI)

HBsAg 1,500 99.8 (98.6–100.0) 99.3 (98.6–99.6) 99.4 (98.9–99.7) 0.985 (0.975–0.995) 

Anti-HBs 500 100.0 (97.3–100.0) 100.0 (98.8–100.0) 100.0 (98.8–100.0) 1.000 (1.000–1.000)

Anti-HCV 1,500 98.8 (97.1–99.5) 99.1 (98.3–99.5) 99.0 (98.4–99.4) 0.975 (0.962–0.987)

Abbreviations: CI, confidence interval; HBsAg, hepatitis B surface antigen; anti-HBs, antibody to HBsAg; anti-HCV, antibody to hepatitis C virus.

Table 4. Comparison of anti-HCV assays using commercial sero-
conversion panels

Seroconversion 
panel 

Positive bleeds/Serial bleeds tested (N)

Elecsys anti-HCV II ARCHITECT anti-HCV AFIAS anti-HCV

HCV6226 (01-12) 4/12 4/12 4/12

HCV6228 (01-12) 4/12 4/12 4/12

HCV9041 (01-08) 4/8 4/8 4/8

HCV9044 (01-06) 3/6 3/6 3/6

HCV9046 (01-05) 4/5 4/5 4/5

HCV9047 (01-10) 4/10 4/10 4/10

HCV10071 (01-07) 5/7 5/7 5/7

HCV10165 (01-09) 4/9 4/9 4/9

HCV10185 (01-05) 4/5 4/5 4/5

HCV10235 (01-05) 3/5 3/5 3/5

Total 39/79 (49.4%) 39/79 (49.4%) 39/79 (49.4%)

Abbreviations: AFIAS, Automated Fluorescent Immunoassay System; anti-
HCV, antibody to hepatitis C virus.
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3. AFIAS anti-HCV tests
The AFIAS anti-HCV test using anti-HCV seroconversion panels 

showed identical results to the Elecsys and ARCHITECT anti-

HCV assays (Table 4). Its sensitivity and specificity were 98.8% 

and 99.1%, respectively, and its agreement with the Elecsys as-

say was 99.0% for anti-HCV detection (Table 3). No cross-reac-

tivity with other infections was observed. No interference was 

found from icterus, hemolysis, lipemia, or anticoagulants. 

DISCUSSION

LFIAs represent an attractive alternative for screening and diag-

nosis of hepatitis infection, and they have proven popular in clini-

cal laboratories [4, 6, 11]. However, their performance should 

be carefully assessed prior to application in clinical practice [12]. 

Although recent studies have demonstrated the excellent diag-

nostic performance of HBV or HCV RDTs, their reported sensi-

tivities are variable. The overall sensitivity and specificity of HBV 

screening tests in Africa have been reported to be 90.0–95.3% 

and 93.3–100%, respectively [3]. HCV RDTs have also shown 

variable sensitivity (78.9–99.3%) and specificity (80–100%) [13]. 

AFIAS is a newly developed point-of-care assay platform. The 

use of a robust optical signaling probe with a high signal-to-

noise ratio is important for the development of high-perfor-

mance immunoassays. AFIAS utilizes an Eu(III) fluorescent dye 

to improve sensitivity and an automated fluorescent strip reader 

to record fluorescence intensity. Although several commercial 

LFIAs for hepatitis detection are available, assays with an auto-

mated fluorescence detection system are limited. 

While a recent study reported a highly sensitive LFIA using 

nanoparticle and assay modifications [14], another study re-

ported that the POC assay for HBsAg has a >300-fold poorer 

LOD than sensitive commercial immunoassays [15]. However, 

the AFIAS HBsAg test demonstrates high sensitivity, with a LOD 

of 0.05 IU/mL for HBsAg. Although AFIAS HBsAg is a qualita-

tive test, we demonstrated that its COI showed similar values to 

the calculated values of the WHO standard in serial dilution. 

The AFIAS HBsAg results for 10 HBsAg seroconversion panels 

were equivalent to those obtained with the Elecsys and ARCHI-

TECT assays. A study assessing several HBsAg RDTs has also 

reported variable sensitivity and specificity (55.9–100% and 

69.4–100%, respectively) [3]. Sensitivity and specificity were 

99.8% and 99.3%, respectively, for AFIAS HBsAg and 100% 

for AFIAS anti-HBs. Studies have reported false-negative results 

using HBsAg assays in patients with low HBsAg levels, HBsAg 

mutants, low viral load, or different viral genotypes [15-17]. 

AFIAS HBsAg showed one false-negative result among 400 HB-

sAg positive sera, and the subject with the false-negative result 

has inactive disease.

The AFIAS anti-HCV test correctly identified all seroconversion 

samples detected by CLIAs. Because HCV infection is often as-

ymptomatic until advanced stages [18], early diagnosis is im-

portant to prevent and cure HCV infection. The diagnostic per-

formance of AFIAS anti-HCV was acceptable for clinical labora-

tories, and its agreement with the Elecsys anti-HCV assay result 

was 99.0%. AFIAS anti-HCV demonstrated a sensitivity of 

98.8% and a specificity of 99.1%. Although its sensitivity was 

the same as that of the Elecsys assay, five sera of the 400 anti-

HCV positive clinical samples showed false-negative results. 

However, no specific anti-HCV profile was observed in the con-

firmatory tests. The sensitivity and specificity of currently avail-

able automated CLIAs for anti-HCV range from 98.0 to 100% 

and from 96.5 to 100%, respectively [19-23]. In terms of detec-

tion of different HBV and HCV genotypes, the AFIAS tests de-

tected all samples consisting of different genotypes and did not 

exhibit cross-reactivity with other virus infections.

The Elecsys and ARCHITECT assays have an excellent diag-

nostic performance for a wide range of samples [21, 24-28]. 

AFIAS had good diagnostic performance and agreement with 

these CLIAs. Thus, AFIAS can be used for large-scale HBV or 

HCV screening in low-resource laboratories or low-to middle-in-

come areas.

Nevertheless, this study had some limitations. First, we did not 

collect information such as clinical diagnosis, HBV/HCV geno-

types, or coinfection with other viruses, especially HIV. Second, 

although AFIAS was designed for use with both whole blood and 

serum samples, we used only stored serum samples as it was 

not feasible to collect fresh whole blood from a large number of 

patients. Further studies using whole blood from on-site collec-

tion for target populations, including HIV co-infected individuals 

and those with acute HBV or HCV infection, are needed. 

In conclusion, the AFIAS HBsAg, anti-HBs, and anti-HCV 

tests demonstrated diagnostic performance equivalent to cur-

rent automated CLIAs. AFIAS could be very useful in emergency 

or small clinical laboratories to screen HBV or HCV infection be-

cause of its simplicity and flexibility. 
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Supplemental Data Table S1. Cross-reactivity tests of AFIAS HBsAg, anti-HBs, and anti-HCV using highly positive samples for other virus-
specific IgGs

Reactive samples Test method
AFIAS HBsAg 

negative, N (%)
AFIAS anti-HBs 
negative, N (%)

AFIAS anti-HCV 
negative, N (%)

CMV-IgG Immulite 2000 CMV IgG (Siemens) 20 (100) 10 (100) 20 (100)

EBV-IgG anti-EBV-EA-D ELISA (IgG) (Euroimmun) 20 (100) 10 (100) 20 (100)

HAV-IgG & IgM Elecsys anti-HAV total (Roche Diagnostics) 20 (100) 10 (100) 20 (100)

HSV-IgG Chorus Herpes Simplex 1+2 IgG (Diesse Diagnostica Senese) 20 (100) 10 (100) 20 (100)

Rubella-IgG Immulite 2000 Rubella Quantitative IgG (Siemens) 20 (100) 10 (100) 20 (100)

Varicella-zoster IgG Chorus Varicella IgG (Diesse Diagnostica Senese) 20 (100) 10 (100) 20 (100)

anti-Treponema pallidum-IgG HiSens Auto TP Ab LTIA (HBi) 20 (100) 10 (100) 20 (100)

Abbreviations: AFIAS, Automated Fluorescent Immunoassay System; HBsAg, hepatitis B surface antigen; anti-HBs, antibody to HBsAg; anti-HCV, antibody 
to hepatitis C virus; EBV, Epstein-Barr virus; CMV, cytomegalovirus; HAV, hepatitis A virus; HSV, herpes simplex virus. 
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Supplemental Data Table S2. Dilution tests for AFIAS HBsAg  
assay

No. Case
WHO standard 
12/226 (IU/mL)

AFIAS HBsAg 
(COI)

CV (%)

  1 47.30 255.69* 6.0

  2 23.50 121.52 7.2

  3 11.75 92.43 3.1

  4 5.88 60.48 3.7

  5 2.94 43.37 2.0

  6 1.47 21.64 7.7

  7 0.73 13.18 7.5

  8 0.37 4.42 1.3

  9 0.18 2.82 6.1

10 0.09 1.26 6.9

11 0.05 1.11 8.9

12 0.02 0.88 14.4

13 0.01 0.49 19.5

Cut-off Sensitivity 
(cut-off =  1.0)

≤0.05 IU/mL

*Mean of triplicate results.
Abbreviations: AFIAS, Automated Fluorescent Immunoassay System; HBs
Ag, hepatitis B surface antigen; COI, cut-off index.
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Supplemental Data Table S3. Samples with discrepant HBsAg  
results among the test methods	

No. Case Sample
Elecsys HBsAg 

(COI)
AFIAS HBsAg 

(COI)
ARCHITECT 
HBsAg (COI)

  1  Serum* 179.700 0.32

  2 Serum† 0.459 48.38

  3  Serum† 0.490 1.48

  4 Serum† 0.430 1.55

  5 Serum† 0.576 74.71

  6 Serum† 0.559 >300.00

  7 Serum† 0.450 1.02

  8 Serum† 0.512 3.39

  9 Serum† 0.412 1.13

10 HBV6285‡ 1.240 0.05 1.42

11 HBV11005‡ 0.351 0.01 1.71

12 HBV6293-3‡ 0.566 0.01 1.20

13 HBV6293-4‡ 1.310 0.07 7.75

14 HBV9273‡ 1.790 0.02 1.06

15 HBV11002-3‡ 1.210 0.13 1.71

16 HBV11002-4‡ 1.640 0.31 2.09

17 HBV11064‡ 2.000 0.01 0.27

*False-negative result of AFIAS HBsAg from an inactive chronic carrier.
†False-positive results of AFIAS HBsAg in two sera from healthy individuals 
and six sera from patients with other chronic diseases. Two patients had a 
post-liver transplant status due to hepatitis B infection. 
‡Seroconversion panel. 
Abbreviations: HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; 
COI, cut-off index; AFIAS, Automated Fluorescent Immunoassay System. 



Ryu JH, et al.
Development of rapid LFIA for hepatitis markers

www.annlabmed.org https://doi.org/10.3343/alm.2018.38.6.578

Supplemental Data Table S4. Dilution tests for AFIAS anti-HBs test

No. Case
KFDA standard 
08/026 (IU/L)

AFIAS anti-HBs 
(COI)*

CV %

  1  25,000.0 1,521.4 3.2

  2 12,500.0 1,501.3 1.9

  3 6,250.0 1,307.5 1.7

  4 3,125.0 1,175.2 1.9

  5 1,562.5 1,039.3 7.2

  6 781.3 724.4 1.9

  7 390.6 389.5 6.0

  8 195.3 189.5 4.2

  9 97.7 102.8 7.6

10 48.8 69.3 4.0

11 24.4 28.6 8.7

12 12.2 11.3 8.9

13 6.1 5.3 8.7

14 3.1 2.5 42.3

*Mean of five measurements. 
Abbreviations: AFIAS, Automated Fluorescent Immunoassay System; anti-
HBs, antibody to HBsAg; KFDA, Korea Food and Drug Administration; COI, 
cut-off index.


