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Introduction

The coronavirus disease 2019 (COVID-19) pandemic due to
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection has not been successfully controlled in
most countries worldwide.” Reverse transcriptase poly-
merase chain reaction (RT-PCR) test is the gold standard
method for the diagnosis of SARS-CoV-2 infection, while
serologic antibody tests using immunoassay have been uti-
lized for sero-prevalence monitoring, risk assessment of
healthcare workers (HCWs), and convalescent plasma
therapy.2* Nevertheless, serologic tests have inherent
limitations as a diagnostic method: approximately seven
days are required for seroconversion, a gold standard
method is absent, and the diagnostic performance is not as
high as that of RT-PCR.>* Various formats of commercial
antibody detection kits including enzyme-linked immuno-
sorbent assay (ELISA), fluorescence immunoassay (FIA), and
lateral flow immunoassay (LFIA) for rapid diagnostic test
(RDT) have been being introduced, but the performance of
these kits needs to be further evaluated. Herein, we pre-
sent the practical strategies to optimize the utilization of
anti-SARS-CoV-2 antibody test using multiple kits from
different manufacturers.

Methods

Study specimens and serologic test kits for anti-
SARS-CoV-2 antibodies

Sera collected after more than seven days of illness from
RT-PCR-confirmed asymptomatic to severe COVID-19 pa-
tients were used as positive specimens.? In asymptomatic
patients, illness days were counted from the date of diag-
nosis. Sera from patients who had recovered from con-
ventional respiratory viral infections, including coronavirus
229E/NL63/0C43, influenza, metapneumovirus, para-
influenza virus, rhinovirus, and respiratory syncytial virus,
were used as negative controls. In addition, serum speci-
mens from HCWs without risk of COVID-19 were used for
negative controls.” Three lots of intravenous immunoglob-
ulin (IVIG) products (Green Cross Corp., Yongin, Korea,
produced on June 28, 2019, October 23, 2019, and February
2, 2018) were also used to evaluated potential cross-
reactivity with anti-SARS-CoV-2 antibody test kits.

A total of six different anti-SARS-CoV-2 antibody Kkits,
including one LFIA RDT kits using gold conjugate (SD
Biosensor Inc., Suwon, Korea, detecting IgM and IgG anti-
bodies against nucleocapsid protein (NCP)), two FIA kits
using europium particles (SD Biosensor Inc., detecting IgM
and IgG antibodies against NCP; and Boditech Med Inc.,
Chuncheon, Korea, detecting IgM and IgG antibodies against
NCP), and three ELISA kits (SD Biosensor Inc. detecting total
antibody against NCP and the receptor binding domain
(RBD) of the spike protein; PCL Inc, Seoul, Korea, detecting
total antibody against NCP and RBD; and EUROIMMUN,
Libeck, Germany, detecting IgG antibody against RBD)
were used. Details of study specimens and anti-SARS-CoV-2
antibody kits are presented in the Supplementary
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materials. This study was approved by the Institutional
Review Board of Samsung Medical Center.

Results

Tested serum samples

A total of 110 serum specimens from 74 RT-PCR-confirmed
COVID-19 patients were subjected to SARS-CoV-2 antibody
tests. Sixty-four convalescent sera from asymptomatic and
mild patients, 14 serial sera from three mild patients, and
32 serial sera from seven moderate to severe patients were
included. For negative controls, 119 serum specimens were
collected including 42 convalescent sera from patients
infected with conventional respiratory viruses and 77 sera
from HCWs.

Performance of individual kits

Test performance of anti-SARS-CoV-2 antibody test Kkits,
including sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) are presented in
Table 1. The RDT kit from SD Biosensor showed a sensi-
tivity/specificity of 78.9/98.3% (IgM alone), 94.5/96.6% (IgG
alone), and 99.1/95.0% (IgM or IgG). Although sensitivity of
individual IgM and IgG bands were slightly lower, specificity
were higher than FIA Kkits.

The FIA kit from SD Biosensor showed sensitivity/speci-
ficity of 74.5/93.3% (IgM alone), 97.3/94.1% (IgG alone),
and 99.1/87.4% (IgM or 1gG). The FIA kit from Boditech Med
showed sensitivity/specificity of 14.5/99.2% (IgM alone),
99.1/94.1% (IgG alone), and 99.1/93.3% (IgM or IgG).
Although the sensitivity of the IgM band was low, the
sensitivity of the I1gG band was highest among the tested
kits with similar specificity.

The ELISA kits targeting total antibody showed high
sensitivity and specificity. The ELISA kit from SD Biosensor
showed sensitivity/specificity of 96.3/100% and that of the
PCL Inc kit was 98.2/100%. The ELISA kit targeting IgG
(EUROIMMUN) showed sensitivity/specificity of 95.4/96.6
(using a cut-off value of borderline) and 93.5/100% (using a
cut-off value of positive).

False-positive results among test kits

A total of 29 negative control specimens produced false-
positive test results (Supplementary Table 1). No specimens
showed cross-reactive false-positive reactions between
antibody test kits from different manufacturers. Eight
specimens showed false-positive reactions on the IgM band
and seven for the 1gG band of the SD Biosensor FIA kit. As
the RDT kit and FIA kit from SD Biosensor used the same
product materials, false-positive reactions were shared
between these kits. One specimen showed a false-positive
reaction for the IgM band and seven for the IgG band of
the Boditech Med FIA kit. The ELISA kits for total anti-
bodies, both SD Biosensor and the PCL Inc kits, showed no
false positive reactions. Four specimens showed borderline
values for the ELISA kit for the IgG antibody of EUROIMMUN.



Journal of Microbiology, Immunology and Infection 54 (2021) 983—986

Table 1  Characteristics and performance of six anti-SARS-CoV-2 antibody test kits.
Test kit Sensitivity Specificity PPV NPV  Sensitivity +
Method Manufacturer Target Target antibody specificity
protein
RDT using gold SD Biosensor® NCP IgM 78.9 98.3 97.7 83.6 177.2
conjugate IgG 94.5 96.6 96.3 95.0 191.2
IgM or 1gG 99.1 95.0 94.7 99.1 194.0
FIA using europium SD Biosensor  NCP IgM 74.5 93.3 91.1  79.9 167.8
particles IgG 97.3 94.1 93.9 974 1914
IgM or 1gG 99.1 87.4 87.9 99.0 186.5
Boditech Med NCP IgM 14.5 99.2 94.1 55.7 113.7
IgG 99.1 94.1 94.0 99.1 193.2
IgM or 1gG 99.1 93.3 93.2 99.1 192.4
ELISA SD Biosensor® RBD & NCP Total antibody 96.3 100.0 100.0 96.7 196.3
PCL RBD & NCP Total antibody 98.2 100.0 100.0 98.3 198.2
EUROIMMUN®  RBD IgG, OD ratio >0.8° 95.4 96.6 96.3 95.8 192.1
IgG, OD ratio >1.1  93.5 100.0 100.0 94.4 193.5
2 109 positive specimens were used.
b 108 positive specimens and 118 negative control specimens were used.

d Cut-off value for the borderline result.

108 positive specimens and 117 negative control specimens were used.

A total of 110 RT-PCR confirmed positive specimens and 119 negative control specimens were used, otherwise indicated.
Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; PPV, positive predictive value; NPV, negative predictive
value; RDT, rapid diagnostic kit; FIA, fluorescence immunoassay; ELISA, enzyme-linked immunosorbent assay; NCP, nucleocapsid pro-
tein; RBD, receptor binding domain; COI, cut-off index; OD, optical density.

To evaluate the presence of false-positive reactions to
immunoglobulins against various antigens, we tested three
lots of IVIG products manufactured before the emergence
of SARS-CoV-2. Each IVIG product (immunoglobulin con-
centration of 10,000 mg/dL) was serially diluted two-fold
with both serum and phosphate-buffered saline (PBS)
buffer, up to 1:32 dilution (312.5 mg/d). None of the tests
produced positive results.

Performance of test kits used in combination

Based on the findings of independent false-positive re-
actions between test kits, we evaluated the performance of
test kits in combination (Supplementary Tables 2 and 3).
The specimen was interpreted as positive if two or more
kits produced a positive result. If all the test kits yielded
negative results or only one kit gave a positive result, the
specimen was interpreted as negative.

When two different kinds of serologic kits were used in
combination, sensitivity was the same or decreased, but
specificity increased to 100%. When three different kinds of
kits were used, both sensitivity and specificity increased
(99.1% and 100%, respectively).

Discussion

Serologic testing for an emerging viral disease has a wide
range of clinical implications.””® However, immunoassay
methods inevitably have false-positive and false-negative
results, and there is no gold standard method to detect
the presence of virus-specific antibodies.®° Although the
neutralization test is highly specific and reflects functional
activity, low levels of binding antibodies may not be
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detected by neutralizing tests.” Several anti-SARS-CoV-2
antibody test kits using immunoassay methods exhibited
high sensitivity, but sub-optimal specificity remains a
concern. In the present investigation, false-positive re-
actions occurred independently between Kkits. Cross-
reactive false-positive results were observed only be-
tween RDT and FIA kits from the same manufacturer, which
shared raw materials. False-positive reactions on anti-
SARS-CoV-2 antibody test kits are likely to occur specif-
ically to individual materials, such as recombinant SARS-
CoV-2 protein, reagents, or buffers. These findings sug-
gest that false-positivity could be decreased if we use
multiple test kits.

As false-positive reactions occurred independently be-
tween test kits, the specificity of the kits increased to 100%
when two different kits were used together, but the
sensitivity inevitably decreased. When three kits were used
together, both sensitivity and specificity increased to 99.1%
and 100%, respectively. To optimize the performance of
serologic testing, whether to use two or more kits in com-
bination should be decided according to the purpose of the
test. For the case of sero-prevalence studies in low COVID-
19 prevalence areas, specificity and cost are important due
to large sample sizes and low PPV. Two-step confirmation
using two different kits would be cost-effective in such
situation. Meanwhile, for the diagnosis of multisystem in-
flammatory syndrome in children, both sensitivity and
specificity are important and more than two kits could be
used to optimize performance.®’

The present analysis has several limitations. First, the
number of negative control specimens was limited to 119
samples and there could be additional false positive re-
actions if more specimens were tested. Second, even if the
kits were manufactured by different companies, cross-
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reactive false positivity may occur if the kits share the same
recombinant virus antigen, reagent, or buffer. Third, the
use of multiple kits may improve performance but the cost
of testing inevitably increases. Selection of tests kits should
be decided according to local prevalence, the purpose of
testing, and the expected cost. Lastly, the present study
data reflects diagnostic performance of sero-converted
patients, evaluating serial sera of COVID-19 patients
collected after seven days of illness (46 sera from 10 pa-
tients, median 24 days of illness) and convalescent sera
after recovery (64 sera from 64 patients, median 40.5 days
of illness). Diagnostic performance of antibody test kits for
acute SARS-CoV-2 infection would be considerably
different. It should be further investigated whether mea-
surement of different target proteins and immunoglobulin
classes would be useful in diagnosing acute SARS-CoV-2
infection and differentiating patients with acute, recent,
past, and re-infections.

In conclusion, in the present analysis of anti-SARS-CoV-2
antibody test kits, false-positive reactions occurred inde-
pendently between test kits. Using a combination of two
different kits increased specificity to 100% and combination
of more than two kits further increased performance. The
number and type of kits used should be decided based on
the outbreak situation and the purpose of testing.
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