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Background: As the coronavirus disease 2019 (COVID-19) pandemic evolves, the development of immunoassays that will help assess popula-
tion exposure and potentially predict immunity has become a pressing priority.

Methods: We evaluated the performance of the R-FIND COVID-19 enzyme-linked immunosorbent assay (ELISA) (SG Medical. Inc., Korea) for
semi-quantitative detection of IgG, IgM, and IgG/M/A total antibodies in serum samples, using the SARS-CoV-2 nucleocapsid protein as antigen.
Serum samples from 87 patients with COVID-19 were tested for IgG and IgG/M/A. Samples from 19 patients were tested for IgM. Specimens
from 160 patients without COVID-19 served as negative controls. Analytical performance was evaluated according to Ministry of Food and Drug
Safety guidelines. Sensitivity and specificity were the primary measures of clinical performance.

Results: The analytical performance of the R-FIND COVID-19 ELISA met Ministry guidelines. Sensitivity and specificity were 94.25% and 98.13%
for IgG, 95.40% and 98.13% for IgG/M/A, and 84.21% and 100% for IgM, respectively. IgM showed a 100% positive rate within 1 week of hos-
pitalization, then decreased. IgG and IgG/M/A antibodies displayed 100% positivity after 2 weeks. IgG and IgG/M/A antibody titers steadily in-
creased throughout patient hospitalization, but IgM titers gradually decreased.

Conclusions: The R-FIND COVID-19 ELISA detects IgG, IgM, and IgG/M/A and displays excellent analytical performance, sensitivity, and speci-
ficity. IgG titers increased steadily throughout hospitalization, but IgM titers peaked at one week post-hospitalization, and then steadily declined.
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Table 1. Analytical performance of the R-FIND COVID-19 IgG, IgG/M/
A and IgM ELISA

R-FIND COVID-19 R-FIND COVID-19 R-FIND COVID-19

lgG l9G/M/A IgM
Limit of detection <0.502 <0481 <0.198
Precision (CV)
- Repeatability
Within-run 10.24% 3.81% 6.86%
Between-runs 3.99% 2.00% 2.22%
Between-days 0.96% 5.64% 3.33%
Within-laboratory 8.83% 6.80% 7.08%
- Reproducibility
Between-sites 11.22% 7.89% 7.83%
Between-days 11.21% 7.91% 7.81%
Between-operators 11.78% 7.90% 7.81%
Between-lots 11.20% 7.84% 7.74%

Cross-reactivity No cross-reactivity to Influenza A IgA, Influenza B IgA,

RSV IgM, RSV 1gG, SARS-CoV IgG positive serum
Recovery rate:
89.71-107.90%

Interference
(control: 100%)

Recovery rate:
95.27-106.25%

Recovery rate:
89.71-107.90%

Abbreviations: COVID-19, coronavirus disease 2019; CV, coefficient of variation;
RSV, respiratory syncytial virus; SARS-CoV, severe acute respiratory syndrome coro-
navirus.

www.labmedonline.org 277



MO

MOl 2Q|: Evaluation of ELISA for SARS-CoV-2 Antibodies

0.481, 0.1980]H, A== W= AJoFof|A] CV 15% 1|Hto|}lct In-
fluenza A IgA, Influenza B IgA, RSV IgM, RSV IgG, SARS-CoV IgG
G BHOR A AFLE AARE o, B S0 = TRt
< Uk TARES2] 7, CLSI 7kl =2kell12, 130 whet 31
O M S8E WIRE W disatd A B 15%
ko] 2jolg woj 7Hukgo] 98-S Selsteirk

off olo

d

Table 2. Clinical performance of the R-FIND COVID-19 IgG, IgG/M/A,
and IgM ELISA

R-FIND COVID-19  R-FIND COVID-191gG/  R-FIND COVID-19
g6 M/A IgM

Sensitivity 94.25% (82/87) 95.40% (83/87) 84.21% (16/19)
95% CI (87.10-98.11)  95% Cl (88.64-98.73) 95% Cl (73.31-99.85)
Specificity ~ 98.13% (157/160) 98.13% (157/160) 100.00% (160/160)
95% Cl (94.62-99.61) 95% Cl (94.62-99.61)  95% Cl (97.72-100)
PPV 96.47% 96.51% 100%
950 Cl (89.90-98.82) 95% Cl (90.01-98.84)  95% Cl (95.01-100)
NPV 96.91% 97.520% 98.16%

95% Cl (93.06-98.66) 95% Cl (93.78-99.03) 95% Cl (95.98-99.91)

Abbreviations: COVID-19, coronavirus disease 2019; PPV, positive predictive value;
NPV, negative predictive value.
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Table 3. Positive rates of IgG, IlgG/M/A, and IgM detection versus week
post hospitalization

Positive rate (number of serum samples with positive results)

Week R-AINDCOVID-19  R-FINDCOVID-19  R-FIND COVID-19
g6 lgG/M/A IgM

<1 90.63% (29/32) 93.75% (30/32) 100% (7/7)
1-2 93.33% (28/30) 93.33% (28/30) 80.00% (4/5)
>2 100% (25/25) 100% (25/25) 71.43% (5/7)

Abbreviation: COVID-19, coronavirus disease-2019.
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Fig. 1. Results of SARS-CoV-2 antibody detection. A) Levels of antibodies against SARS-CoV-2 in serum from healthy individuals and patients con-
firmed positive by rRT-PCR. Box-and-whisker plot shows minimum value, first quartile, median, third quartile, and maximum value for each data

set. B) ROC analysis of the R-FIND COVID-19 ELISA series.

Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; rRT-PCR, real-time reverse transcription PCR; COVID-19, coronavirus

disease 2019.
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Fig. 2. Comparison of SARS-CoV-2 IgG, 1gG/M/A, and IgM positive
rates by week post-hospitalization.

Abbreviation: SARS-CoV-2, severe acute respiratory syndrome coro-
navirus 2.
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Fig. 3. Fitted curves of anti-SARS-CoV-2 IgG, IgG/M/A, and IgM production

results are presented.

Abbreviation: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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