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a b s t r a c t 

Background: A vast majority of the commercially available lateral flow immunoassay (LFIA) is used to 

detect SARS-CoV-2 antibodies qualitatively. Recently, a novel fluorescence-based lateral flow immunoas- 

say (LFIA) test was developed for quantitative measurement of the total binding antibody units (BAUs) 

(BAU/mL) against SARS-CoV-2 spike protein receptor-binding domain (S-RBD). 

Aim: This study aimed to evaluate the performance of the fluorescence LFIA Finecare TM 2019-nCoV S-RBD 

test along with its reader (Model No.: FS-113). 

Methods: Plasma from 150 reverse trancriptase–PCR (RT-PCR)-confirmed positive individuals and 100 

prepandemic samples were tested by Fincare TM to access sensitivity and specificity. For qualitative and 

quantitative validation of the FinCare TM measurements, BAU/mL results of FinCare TM were compared with 

results of 2 reference assays: the surrogate virus-neutralizing test (sVNT, GenScript Biotech, USA) and the 

VIDAS®3 automated assay (BioMérieux, France). 

Results: Finecare TM showed 92% sensitivity and 100% specificity compared with PCR. Cohen’s Kappa 

statistic denoted moderate and excellent agreement with sVNT and VIDAS®3, with values being 0.557 

(95% CI: 0.32–0.78) and 0.731 (95% CI: 0.51–0.95), respectively. A strong correlation was observed be- 

tween Finecare TM /sVNT ( r = 0.7, p < 0.0 0 01) and Finecare TM /VIDAS®3 ( r = 0.8, p < 0.0 0 01). 

Conclusion: Finecare TM is a reliable assay and can be used as a surrogate to assess binding and neutral- 

izing antibody response after infection or vaccination, particularly in none or small laboratory settings. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

Soon after the emergence of SARS-CoV-2 in December 2019 

nd its declaration as a pandemic by the World Health Organi- 

ation (WHO), the need for accurate, sensitive, and rapid detec- 
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ion of SARS-CoV-2 for the control and prevention of the dis- 

ase was urgent ( Theel et al., 2020 ). Several commercial COVID- 

9 test kits were developed in response to this urgent need for 

he detection of either nucleic acid or antibodies ( Van Walle et al., 

021 ). Although reverse trancriptase–PCR (RT-PCR) is used as a 

old standard test, it requires specialized conditions, expensive 

quipment, and qualified personnel for sampling and testing. These 

imitations pose a challenge in a pandemic setting, which requires 

apid and reliable tests that can be used to screen populations 

 Dortet et al., 2021 ). Thus, serological testing, particularly point-of- 
iety for Infectious Diseases. This is an open access article under the CC BY license 
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are approaches such as lateral flow immunoassay (LFIA), provides 

 rapid, portable, and cost effective method that is complemen- 

ary to RT-PCR. In addition, serological tests have important appli- 

ations in public health; they can be used in epidemiological sur- 

ey studies, detect past infections, and determine herd immunity 

n the community. Furthermore, serological tests have a vital role 

n convalescent plasma treatment and determining vaccine effec- 

iveness ( Nadoushan et al., 2020 ). 

Conventional LFIA used in clinical settings for diagnosing SARS- 

oV-2 infection are done manually within 15 minutes, and the re- 

ults are interpreted qualitatively by the naked eye. As a result, 

rrors due to manual operation and inadequate visual sensitiv- 

ty interpretation can occur. Recently, Wondfo Biotech developed 

uorescence-based lateral flow immunoassay (LFIA) to detect to- 

al anti-S-RBD binding antibodies (binding antibody unit [BAU]) 

gainst SARS-CoV-2. Finecare TM 2019-nCoV RBD Antibody Test is 

 fluorescence immunoassay that is carried out semiautomatically 

long with a small portable device. The combination of fluores- 

ence and LFIA provides higher sensitivity, allows quantitative de- 

ection of antibodies, and is easily affordable and accessible in 

mall clinical laboratories, research settings, or point-of-care test- 

ng after infection or vaccination. 

To the best of our knowledge, there is only 1 report in the liter- 

ture evaluating the rapid fluorescence-based LFIA immunoassays, 

hich aimed to validate the performance of rapid SARS-CoV-2 IgM 

nd IgG test kits based on fluorescence immunochromatography 

 Kang et al., 2021 ). In this study, we aimed to evaluate the per-

ormance of a rapid semiautomated fluorescence-based LFIA. This 

ssay is designated to provide qualitative and quantitative mea- 

urements of SARS-CoV-2 anti-S-RBD total antibodies. One of the 

iggest advantages of this assay over the commercially available 

FIAs is that not only are the results quantitative but they are also 

onverted to BAU/mL (instead of AU/mL) as recently recommended 

y WHO. 

. Materials and Methods 

.1. Study design and ethical approval 

We evaluated the performance of Finecare TM 2019-nCOV Anti- 

ody test and its reader (Model No.: FS-113) (Guangzhou Wondfo 

iotech Co., China) (from here on abbreviated as Finecare TM ). The 

erum samples were collected from volunteer individuals between 

uly 26 and September 9, 2020 as a nationwide survey substudy in 

atar ( Al-Thani et al., 2020 , Syed et al., 2021 ). The clinical symp-

oms of the samples varied between asymptomatic and symp- 

omatic cases (S1 table). The project was approved by the insti- 

utional review board of Qatar University (QU-IRB 1492-E/21 and 

U-IRB 1469-E/21). These samples were used in previous studies 

 Al-Jighefee et al., 2021 , Yassine et al., 2021 , Younes et al., 2021 ). 

.2. Sensitivity and specificity determination 

The sensitivity of Finecare TM was determined using sera from 

50 RT-PCR–confirmed individuals (7–> 21 days). Qiagen extrac- 

ion kit was used to extract RNA from nasopharyngeal swab spec- 

mens. Then, the SuperscriptIII One-Step RT-PCR kit was used to 

est for SARS-CoV-2 according to manufacturer’s instruction (Cat 

o. 12594100, ThermoFisher, USA) ( Yassine et al., 2021 ). Samples 

ere tested using 2 sets of primers targeting the E gene and con- 

rmed with 2 different sets of primers targeting the RdRp gene 

 Corman et al., 2020 , Yassine et al., 2021 ). Complete descriptions 

or these participants are summarized in Table S1. The specificity 

as examined using 100 prepandemic plasma samples collected 

efore 2019, which were used in previous studies ( Nasrallah et al., 

018 , Nasrallah et al., 2019 , Smatti et al., 2020 ). The panel included
133 
lasma samples seropositive for (a) dengue virus (n = 26), (b) par- 

ovirus B19 (n = 8), and (c) nonrespiratory viruses (n = 66). 

.3. Serological assays 

.3.1. Finecare TM 2019-nCoV RBD Antibody Test 

Finecare TM 2019-nCoV RBD Antibody Test is a fluorescence im- 

unoassay technology, specifically the sandwich immunodetec- 

ion method. It uses fluorescently labeled SARS-CoV-2 S-RBD pro- 

eins to form immune complexes by binding to SARS-CoV-2 S- 

BD antibodies present in the specimen. It is used along with 

he Finecare TM FIA Meters (Model No.: FS-113) for the quantita- 

ive detection of total antibodies against SARS-CoV-2 S-RBD (Co.). 

he test can be done using various specimens, including finger- 

tick whole blood, venipuncture blood, serum, or plasma. There are 

 test modes for Finecare TM FIA Meters: standard test mode and 

uick test mode. The difference is that samples are incubated in- 

ide the cartridge holder of Finecare TM FIA Meters in the standard 

ode, whereas the samples are incubated at room temperature in 

he quick mode. The test was done according to the manufacturer’s 

nstructions. In brief, 20 μL of plasma was added to the provided 

uffer tube and mixed for 45 seconds. Then, 75 μL was added to 

he test cartridge, incubated for 15 minutes at room temperature 

RT), and then inserted in the test cartridge holder of Finecare TM 

IA Meters holder for measurement on quick mode. Finecare TM FIA 

eter displays the test result automatically on the screen. The re- 

ults are given as relative fluorescence units (RFU, arbitrary units 

AU]/mL). This test has a WHO international standardization fac- 

or to convert readings to from AU/mL to binding antibody units 

BAU)/mL (1 AU/mL = 20 BAU/mL). Readings ≥1 AU/mL or ≥20 

AU/ml indicate positive results. 

.3.2. cPass GeneScript sVNT 

Food and Drug Administration (FDA)-approved SARS-CoV-2 sur- 

ogate virus neutralization test (sVNT) developed by GeneScript is 

idly used in the literature as a reference assay to measure neu- 

ralizing antibodies (Cat. No. L00847-C, GenScript Biotech, USA) 

 Ismail et al., 2021 , Meyer et al., 2020 , Younes et al., 2021 ). This

ssay detects antibodies that inhibit the interaction between SARS- 

oV-2 S-RBD–horseradish peroxidase (HRP) fusion protein and 

CE2 that is coated in a 96-well plate ( Meyer et al., 2020 ). The as-

ay highly corelates with conventional pseudovirus neutralization 

ests (pVNTs, R2 = 0.84) and showed high specificity (99.9%) and 

ensitivity (100%) ( Tan et al., 2020 ). The test was done according to 

he manufacturer’s instructions. An inhibition value of ≥30% signal 

nhibition was considered positive and < 30% signal inhibition was 

onsidered negative. The WHO international standardization factor 

or this assay was used to convert readings from percent inhibition 

o IU/mL by applying the recently published formula ( Zhu et al., 

021 ). 

.3.3. BioMérieux VIDAS®3 

VIDAS®3 SARS-CoV-2 IgG (REF 424114, BioMérieux, France) is 

 widely used automated CE-marked in vitro diagnostic (IVD) as- 

ay, which was granted the emergency use authorization (EUA) by 

DA in early 2021 The assay principle is based on a 2-step en- 

yme immunoassay combined with an enzyme-linked fluorescent 

ssay (ELFA) detection technique. The test uses a solid-phase re- 

eptacle (SPR) coated with SARS-CoV-2 S-RBD of the spike protein. 

he test was done according to the manufacturer’s instructions. In 

rief, the test was calibrated with standard (S1), a positive con- 

rol (C1), and a negative control (C2). Then, 100 μL of the sam- 

le was added to the test strip. The results are generated as rel- 

tive fluorescence value (RFV) and automatically calculated by the 

nstrument; according to the S1 standard and sample RFV, an in- 

ex value (i) is obtained (where i = RFV sample /RFV S1 ). The test is
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Table 1 

Diagnostic assessment of Finecare for S-RBD total antibodies detection ∗ RT-PCR was used as a 

reference test. 

Immunoassay Finecare TM 

Sensitivity, % (95% CI) 92% (95% CI: 86.44%–95.80%) 

Specificity, % (95% CI) 100% (95% CI: 96.38%–100.00%) 

Overall agreement, % (95% CI) 96.4% (95% CI: 93.2%–98.1%) 

Cohen’s kappa coefficient, κ (95% CI) 0.881 (95% CI: 0.816–0.946) 

ROC curves optimized cutoff index > 10.70 

Sensitivity using optimized cutoff indexes, % (95% CI) 94.67% (95%CI: 89.83%–97.27%) 

Specificity using optimized cutoff indexes, % (95% CI) 100% (95% CI: 96.34%–100%) 

Abbreviations: ROC, receiver operating characteristic; RT-PCR, reverse transcriptase PCR; S-RBD, 

SARS-CoV-2 spike protein receptor-binding domain. 
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nterpreted as negative when i < 1.00 and positive when i ≥ 1.00 

 Renard et al., 2021 ). All readings were standardized to BAU/mL by 

pplying the WHO international standard (20.33 BAU/mL) for the 

IDAS®3 SARS-CoV-2 IgG. 

.4. Statistical analysis 

Using RT-PCR as the reference test, sensitivity, specificity, over- 

ll percent agreement, and Cohen’s Kappa coefficient ( κ) were cal- 

ulated to assess the performance of Finecare TM . κ measures inter- 

ater reliability as well as the likelihood that an agreement will 

ccur by chance ( Ben-David, 2008 , McHugh, 2012 ). κ ≤ 0 indicates 

o agreement, κ= 0.01–0.20 indicates poor agreement, κ= 0.21–

.40 indicates fair agreement, κ= 0.41–0.60 indicates moderate 

greement, κ= 0.61–0.80 indicates substantial agreement, and κ= 

.81–1.00 indicates almost perfect agreement ( McHugh, 2012 ). 

oncordance analysis between Finecare TM and sVNT and VIDAS®3 

ere conducted. The concordance measures included overall, pos- 

tive, and negative percent agreement and Cohen’s Kappa statis- 

ic. The correlation between Finecare TM and each immunoassay 

as examined using Pearson’s correlation coefficients ( r ) with 95% 

I. A coefficient of 0–0.19 suggests very weak correlation, 0.2–

.39 suggests weak correlation, 0.40–0.59 suggests moderate cor- 

elation, 0.6–0.79 suggests strong correlation, and 0.8–1 suggests 

ery strong correlation ( Swinscow and Campbell, 2002 ). Receiving 

perating characteristic (ROC) curve and Youden’s index (J) were 

sed to assess the assay threshold (cutoff indexes), identify opti- 

ized ones, and measure the area under the curve (AUC). The re- 

ation between AUC and diagnostic accuracy is direct. The larger 

he AUC the more accurate a test can be considered in its overall 

erformance. Statistically, an AUC of < 0.5 suggests no discrimina- 

ion, 0.7–0.8 is considered acceptable, 0.8–0.9 is considered excel- 

ent, and > 0.9 is considered outstanding. To determine the opti- 

al threshold for optimal sensitivity and specificity for Finecare TM , 

 was calculated using the following formula: J = max (sensitiv- 

ty + specificity) – 1 ( Fluss et al., 2005 , Unal and medicine, 2017 ).

ll statistical analyses were performed using GraphPad Prism ver- 

ion 9.3.0. 

. Results 

.1. Diagnostic Performance of Finecare TM using RT-PCR as a 

eference test 

The overall diagnostic performance of Finecare analyzer com- 

ared with RT-PCR is summarized in Table 1 . The sensitivity and 

pecificity of Finecare TM were 92% (95% CI: 86.44%–95.80%) and 

00% (95% CI: 96.38%–10 0.0 0%), respectively. The overall percent 

greement with RT-PCR was 96.4% (95% CI: 93.2%–98.1%). Cohen’s 

appa statistic with RT-PCR denoted an excellent agreement with 

coefficient of 0.881 (95% CI: 0.816–0.946). 
134 
.2. Concordance assessment between Finecare TM test, sVNT, and 

IDAS®3 

The tests’ concordance assessment is summarized in Table 2 . 

he overall percent agreement for sVNT and VIDAS®3 was 92% 

95% CI: 86.5–95.4) and 94.4% (95% CI: 87.6–97.6), respectively. 

he positive percent agreement ranged from 95.1% (88.0–98.1) for 

inecare versus VIDAS®3 to 97.7% (93.5–99.2) for Finecare TM ver- 

us sVNT. The negative percent agreement ranged from 50% (95% 

I: 29–71.0) for Finecare TM versus sVNT to 88.9% (95% CI: 56.5–

8.0) for Finecare TM versus VIDAS®3. Cohen’s Kappa statistic de- 

oted moderate to excellent agreement and ranged between 0.557 

95% CI: 0.32–0.78) for Finecare TM /sVNT test combination and 

.731 (95% CI: 0.51–0.95) for Finecare TM /VIDAS®3 test combina- 

ion. Correlation analysis of the readings obtained from Finecare TM , 

VNT, and VIDAS®3 is illustrated in Figure 1 . Both immunoassays 

howed strong correlation with Finecare TM . Pearson’s correlation 

oefficients ( r ) ranged from 0.70 for Finecare TM /sVNT to 0.8 for 

inecare TM /VIDAS®3. 

.3. Receiver Operating Characteristic (ROC) Curve Analysis 

ROC curve analyses showed excellent performance for 

inecare TM with an AUC of 0.9627 and p < 0.0 0 01 ( Figure 2 ).

he optimized cutoff for detecting total antibodies against RBD 

as derived on the basis the ROC curves and the calculated J. The 

utoff obtained was > 10.70 compared with the manufacturer’s 

utoff ≥20. Applying this new cutoff showed improved sensitiv- 

ty, from 92% to 94.67%, whereas the specificity remained 100% 

 Table 1 ). 

. Discussion 

This study validated the performance of Finecare TM 2019- 

CoV RBD fluorescence immunoassay for detecting total antibodies 

gainst SARS-CoV2 S-RBD after infection. A panel of 150 samples 

ollected from RT-PCR–confirmed individuals and 100 prepandemic 

era were used to evaluate the assays’ performance. To our knowl- 

dge, this is the first study conducted to validate the fluorescence- 

FIA-based Finecare 2019-nCoV RBD Antibody test, which marks 

he novelty of this research work. 

Finecare test showed high sensitivity and specificity compara- 

le to sVNT and VIDAS®3 and other immunoassays in the mar- 

et. VIDAS®3 was reported to have a sensitivity and specificity 

f 88.3% and 98.4%, respectively ( Younes et al., 2021 ). Similarly, 

VNT reported a high specificity (99.9%) and sensitivity (95%–100%) 

 Tan et al., 2020 ). It is noteworthy that our chohort samples were

ollected from Qatar community volunteers; thus, the cases var- 

ed between symptomatic and asymptomatic. It was noticed that 

f the 12 negative samples by Finecare, 8 were asymptomatic. 

arlier studies reported that severity of the case affects humoral 
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Figure 1. Correlation analysis of the assays standardized readings obtained by each immunoassay. (A) Correlation plot of Finecare TM with the sVNT. (B) Correlation plot 

of Finecare TM with VIDAS®3. Pearson’s correlation coefficient ( r ) and p-value are indicated. Pearson’s r of 0–0.19 is regarded as very weak, 0.2–0.39 as weak, 0.40–0.59 

as moderate, 0.6–0.79 as strong, and 0.8–1 as very strong correlation, but these are rather arbitrary limits, and the context of the results should be considered. Data are 

presented for 150 RT-PCR–confirmed SARS-CoV-2–positive samples. BAU, binding antibody unit; RT-PCR, reverse transcriptase–PCR; sVNT, surrogate virus-neutralizing test. 

Figure 2. ROC curve for Finecare 2019-nCoV RBD Antibody Test. An AUC of 0.9–1.0 

is considered excellent, 0.8–0.9 is considered very good, 0.7–0.8 is considered good, 

0.6–0.7 is considered sufficient, 0.5–0.6 is considered bad, and < 0.5 is considered 

not useful. AUC, area under the curve; ROC, receiver Operating Characteristic. 
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esponse in patients ( Wu et al., 2021 , Zhao et al., 2020 ). Previ-

usly, we reported that the sensitivity of immunoassay was higher 

n symptomatic patients than in the asymptomatic patient group 

 Younes et al., 2021 ). In addition, the sensitivity of Fincare assay for

stimating anti-S-RBD or neutralizing antibodies could be overesti- 

ated because the S-RBD antigen in this assay is designed to de- 

ect antibodies specific to the wild-type (Wuhan) but not to other 

ARS-CoV-2 variants. Some of these variants, such as Omicron, ac- 

umulate significant numbers of mutations in the S-RBD domain. 

hese mutations might decrease the affinity of binding and neu- 

ralizing antibodies to S-RBD, which in turn affect the sensitivity 

f the assay. 

We evaluated the degree of correlation between Finecare TM 

ith sVNT and VIDAS®3. A strong correlation was obtained be- 

ween Finecare TM and both assays ( Figure 1 ); however, VIDAS®3 

howed a slightly higher correlation. This is because both VIDAS®3 

nd Finecare TM detection methods are based on enzyme-linked flu- 

rescent and target antibodies against the S-RBD domain. This is 
135 
articularly important; the Finecare TM rapid antibody test could 

etect neutralizing antibodies and serve as a surrogate for the ad- 

anced automated immunoassays in clinical settings to measure 

he humoral immune response after vaccination or infection and 

esearch context. ROC curve analysis was also performed to de- 

ermine the optimal cutoff indexes for Finecare ( Figure 2 ). The 

ew cutoff value showed improved sensitivity without affecting 

he specificity. However, the cutoff values could be adjusted de- 

ending on the clinical setting or research context. For instance, 

n high-prevalence settings, higher thresholds may be desirable for 

creening purposes, whereas lower cutoff may be helpful for diag- 

osis purposes ( Ismail et al., 2021 ). 

Our study had some limitations; most of our RT-PCR samples 

ere collected from asymptomatic individuals (Table S1), which 

ight have underestimated the assay’s sensitivity. In addition, the 

ontrol group did not include samples for other coronaviruses or 

nfluenza that might cross-react with SARS-CoV-2, which could 

ave led to an overestimated specificity. 

In conclusion, depending on characteristics of emerging vari- 

nts, our data showed that Finecare 2019-RBD antibody test 

howed excellent performance in terms of sensitivity, specificity, 

nd overall agreement, with RT-PCR as a reference test. In addi- 

ion, in terms of correlation with the FDA-approved sVNT from 

enScript and the automated analyzer VIDAS®3 from bioMérieux, 

inecare TM immunoassay showed an outstanding performance in 

etecting total antibodies in serum samples against SARS-CoV-2. 

hus, this assay could be reliable for the quantitative detection of 

ntibodies in the vaccinated population and recovered patients. 
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