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ABSTRACT

The SARS-CoV-2 virus caused a globally growing pandemic called coronavirus disease 2019 (COVID-19) that has disrupted
social, political, and medical environments around the world. Nations are assessing ways to reopen businesses while trying to
balance health care risks and economic fallouts. Strategies involving antibody testing have been proposed before phased reopen-
ing of the economy. Therefore, assessing the sensitivity and specificity of antibody tests for symptomatic and asymptomatic
COVID-19 patients remains paramount to prevent COVID-19 outbreaks. The antibody tests for SARS-CoV-2 detect the presence
of IgA, IgM, or IgG antibodies produced by B cells. There are four major types of antibody tests: rapid diagnostic tests, enzyme-
linked immunosorbent assays, neutralization assays, and chemiluminescent immunoassays. Currently, there is no standard anti-
body test for detecting SARS-CoV-2 antibodies during or after exposure or infection. The antibody tests for SARS-CoV-2 have a
low specificity within the first week of exposure and increase in the second and third weeks. The current data on antibody tests
have several limitations in quality and the presence of bias. Specifically, many antibody tests have a high false-negative rate and
a high risk of bias for participant selection, application of index tests, reference standard used, and flow and timing for antibody
tests that may incorrectly report the accuracy of COVID-19 antibody tests. In this review, we summarize the current methods,
sensitivity/specificity, and gaps in knowledge concerning COVID-19 antibody testing.
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he severe acute respiratory syndrome coronavirus-2

(SARS-CoV-2) has caused a global pandemic

known as coronavirus disease 2019 (COVID-19).

Despite increasing SARS-CoV-2 infections globally,
there is increased social and political pressure to reopen eco-
nomic activity and bring “normalcy” to people’s lives.
Therefore, health care authorities have begun to encourage
the use of antibody testings to prevent the spread and evalu-
ate the presence of immunity for SARS-CoV-2 infection."
However, a lack of a rigorous antibody test with high specifi-
city and sensitivity has remained a challenge."> Furthermore,
the prevalence of COVID-19 antibodies, the sensitivity and
specificity of the antibody test, and antibody titers that con-
fer immunity remain open areas of investigation."”” These
uncertainties have important social implications concerning
restriction of work, travel, or social gatherings based on
COVID-19 antibody status to reduce exposure to vulnerable
populations.

Currently, the US Food and Drug Administration has
given emergency use authorizations to commercial test man-
ufacturers for COVID-19 antibody tests.” These tests are
required to be assessed for sensitivity and specificity before
their use in clinical practice.2 However, the method for
assessing the performance of COVID-19 antibody tests varies
between manufacturers due to the type of clinical samples
used.? In most cases, antibody tests are assessed to an index
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Figure 1. Commercially available COVID-19 diagnostic antibody tests.
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or reference test to determine their accuracy.” The Food and
Drug Administration has allowed manufacturers to establish
the accuracy of COVID-19 antibody tests using reverse-tran-
scriptase—polymerase chain reaction (RT-PCR) testing from
symptomatic COVID-19 patients.” However, the nasopha-
ryngeal swabs used for RT-PCR can overestimate the sensi-
tivity and specificity of the antibody tests.” Therefore,
assessing the sensitivity and specificity of antibody tests in
both symptomatic and asymptomatic COVID-19 patients
poses a paramount challenge for managing the outbreak.

A comprehensive literature review was performed from
January 1, 2020, to August 1, 2020, from the PubMed,
Scopus, Web of Science, and Embase databases using the key-
word search phrases “COVID-19,” “SARS-CoV-2,” and
“antibody tests.” In this review, we summarize the availability,
sensitivity, specificity, and gaps in current knowledge con-
cerning COVID-19 antibody tests used worldwide (Figure 1).

DIAGNOSTIC METHOD FOR DETECTING COVID-19 USING
RT-PCR

Currently, the standard method for collecting specimens
for COVID-19 testing involves nasopharyngeal swabs con-
sisting of synthetic fiber swabs with a plastic shaft.>* As the
name suggests, the swab is inserted into the nasopharyngeal
space in the posterior pharynx and
Oligonucleotide primers are selected to detect the spike pro-
tein of SARS-CoV-2.>* Repeat testing can be performed in
positive patients to monitor the progression of COVID-19 if
symptoms persist.3’4 However, health care staff risk exposure
to SARS-CoV-2, as nasopharyngeal swabs can induce sneez-
ing, coughing, or gagging during the sample collection.>”
Therefore, several clinics have adopted measures to self-col-
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samples.6 This method has helped reduce exposure without
compromising the sensitivity of the RT-PCR analysis but
can be associated with a false-negative sample due to incom-
plete sample collection.” Many centers have also faced short-
ages in the supplies and personnel to adequately sample and
monitor the progression of COVID-19.” Furthermore, RT-
PCR requires expensive equipment and trained technicians
at certified laboratories, long times to generate results, and
risks of false-negatives in patients with low viral loads.
Therefore, antibody tests have been used to aid in monitor-

ing COVID-19 infections.

HUMORAL IMMUNE RESPONSE TO SARS-COV-2

Antibody tests detect the presence of antibodies produced
by B cells toward a specific pathogen.® The activation and
differentiation of B cells into antibody-secreting plasma cells
are initiated through antigen-presenting cells (e.g., dendritic
cells, macrophages, helper T cells). The body produces two
major types of antibodies, immunoglobulin M (IgM) and
immunoglobulin G (IgG), in response to an infection.® The
IgM antibodies are produced soon after infection, while the
IgG antibodies are produced later to maintain the body’s
immune system to the same infection.>” The third type of
immunoglobulin, known as IgA, is found on mucous mem-
branes and aids the innate immune response.””"' Current
clinical reports show that antibodies against SARS-CoV-2
viral particles develop between 6 and 10 days after infection,
with peak IgM antibody levels at 12 days, and persist for 35
days. In contrast, the IgG antibodies peak around 17 days
and persist for up to 49 days.””'" Serological or antibody
tests detect immunoglobulins produced in the presence of
antigens from SARS-CoV-2.

ANTIBODY TESTS FOR DETECTING COVID-19 ANTIBODIES
The antibody tests are a rapid method for detecting anti-
gens (the spike, membrane, or nucleocapsid proteins) or anti-
bodies for COVID-19 using lateral flow assays.” As shown in
Table 1, there are four major types of antibody tests: rapid
diagnostic tests (RDT), enzyme-linked immunosorbent
assays (ELISA), neutralization assays, and chemiluminescent
immunoassays.'> Current World Health Organization guide-
lines recommend obtaining a blood sample during the first
week of illness and then 3 to 4 weeks later to measure SARS-
CoV-2 antibodies."> Within 5 days of infection, the IgM
positive rate increased from 50% to 81%, whereas the IgG
positive rate increased from 81% to 100% in COVID-19
patients.'> Unlike the nasopharyngeal RT-PCR tests, the
antibody tests allow for better collection of epidemiological
data, determination of the immune status of asymptomatic
individuals, and screening of previous exposure.” Currently,
there is no accepted standard antibody test by which to com-
pare the sensitivity or specificity for the SARS-CoV-2." The
Food and Drug Administration has required clinics and
industries to estimate the analytic performance of any
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Table 1. SARS-CoV-2 antibody test types*

Type of test Time to results Antibodies
Rapid diagnostic test 10-30 minutes  IgG and IgM
Enzyme-linked immunosorbent assay  2-5 hours lgG and IgM
Neutralization assay 3-5 days N/A
Chemiluminescent immunoassay 1-2 hours lgG, IgM, and IgA

*Source: The Johns Hopkins Center for Health.'?

antibody test using a material containing SARS-CoV-2 at
sufficient concentration to be detected.

SOUTH AMERICAN ANTIBODY STUDIES

A meta-analysis of antibody tests in Brazil examined 16
commercially available antibody tests registered in the
Brazilian Health Regulatory Agency.'® Tt examined the
pooled sensitivity and specificity for detecting SARS-CoV-2
IgM/IgG antibodies and naso/oropharyngeal swabs.'* The
pooled sensitivity and specificity were 82% and 97%,
respectively, for the IgM antibodies. For IgG antibodies, the
pooled sensitivity and specificity were 97% and 98%,
1'espectively.14 For the naso/oropharyngeal swabs, the pooled
sensitivity and specificity were 97% and 99%, respectively.
Although the IgG antibodies and naso/oropharyngeal swabs
had high sensitivity and specificity, the results are limited by
a high rate of false-negative results from tests that detect
SARS-CoV-2 IgM antibodies and a lack of studies validating
the antibody results. Furthermore, many of the studies used
small sample sizes (n < 20); only half of the antibody tests
included more than 150 samples. The lack of large samples
in the antibody studies reduces the reliability of applying
these antibodies to larger sample sizes."*

AUSTRIAN ANTIBODY STUDIES

Several reports in Austria examined the accuracy of com-
mercially available antibody tests.">™"” One study assessed
the sensitivity and specificity of four commercial ELISA and
two RDT tests in 77 COVID-19 patients compared with
the nasopharyngeal RT-PCR."” The study found that sensi-
tivities for the ELISA and RDT antibody tests were around
80% within the first week of infection. The specificities for
the ELISA tests within 2 weeks were 83% (IgA), 98% (IgG),
and 97% (IgM and total antibody).'” However, the study
had a low sample size for comparing the antibody tests and
did not include neutralization assays or chemiluminescent
immunoassays in their analysis."” The results supported pre-
vious reports that the sensitivities and specificities of the anti-
body tests increased weeks after a patient was exposed or
developed symptoms associated with COVID-19."”

Another study examined the sensitivity and specificity of
the EDI ELISA for detecting SARS-CoV-2 IgM and IgG
antibodies in 64 RT-PCR samples of confirmed COVID-19
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patients with serial blood samples at different time points.15

The study found that the sensitivity of the ELISA test was
5.9% for IgM and 2.9% for IgG 5 days after symptom
onset."” Between 5 and 10 days, the sensitivity of the ELISA
test increased to 37.1% for IgM and 37.1% for IgG."> After
10 to 15 days, the sensitivity of the ELISA test increased to
76.4% for IgM and 82.4% for IgG. After 3 weeks, the sensi-
tivity increased to 94.4% for IgM and 100% for IgG."> A
recent Austrian study also compared the effectiveness of the
fully automated Elecsys Anti-SARS-CoV-2 immunoassay
with the EDI ELISA for the detection of SARS-CoV-2 anti-
bodies in human plasma.'® The study examined 64 SARS-
CoV-2 RT-PCR samples along with blood samples from 200
healthy blood donors and 256 intensive care unit patients
collected before the COVID-19 outbreak.'® The authors
found that the peak sensitivities for the Elecsys assay, EDI
IgM ELISA, and EDI IgG ELISA were 100%, 94%, and
100%, respectively, between 15 and 22 days.16 These studies
suggest that antibody tests should only be administered 3
weeks after a patient has developed symptoms and tested
positive for COVID-19.

FRENCH ANTIBODY STUDIES

A French study evaluated the performance of six RDT and
three ELISA antibody tests for diagnosis of COVID-19 in 34
hospitalized patients positive for SARS-CoV-2 RNA.'® Within
7 days of symptom onset, both the RDT and ELISA tests were
able to detect SARS-CoV-2 in 50% of the samples.'® After 2
weeks, the average sensitivity of the RDT and ELISA antibody
tests was 80% to 100%.'8 Specifically, >90% of hospitalized
COVID-19 patients tested positive for SARS-CoV-2 using the
iSIA and Accu-Tell POC tests and the I.D.Vet IgG ELISA
assays.'® Three antibody tests, EUROIMMUN IgG and IgA,
UNiscience, and Zhuhai Livzon, had sensitivities below 90%."®
A subsequent French study that examined four RDT tests also
showed a sensitvity of 60% to 80% after 10 days and 100% at
2 weeks."” Another French study assessed the performance of
three SARS-CoV-2 antibody test kits (Abbott Architect SARS-
CoV-2 CLIA IgG, Euroimmun Anti-SARS-CoV-2 ELISA IgG/
IgA assays, and LFIA NG-Test IgG-IgM COVID-19) using
293 samples from COVID-19 patients.”’ The study found that
all three SARS-CoV-2 antibody tests had a sensitivity around
80%, which increased after 2 weeks in COVID-19—positive
patients.”” Overall, the best method for detecting SARS-CoV-2
antbodies was detecting IgG after 14 days of symptom onset,
which was independent of the antibody test used.

GERMAN ANTIBODY STUDIES

A German study examined four automated immunoas-
says—Abbott Architect 12000, Roche Cobas e411 analyzer,
LIAISON XL platform, and VIRCLIA automation system—
compared with two ELISA assays—Euroimmun SARS-CoV-
2 IgG and Virotech SARS-CoV-2 IgG ELISA—for their sen-
sitivity to detect SARS-CoV-2.”" The VIRCLIA automation
system had the highest sensitivity of 89%. The other
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antibody tests had sensitivities that ranged from 66.7% to
77.8%.%" A subsequent German study using samples from
26 COVID-19 patients found sensitivities for the Roche,
Euroimmun, and Epitope of 92.3%, 96.2%-100%, and
100%, respectively; specificities were 100%, 100%, and
84%—86%, respectively.”” These immunoassays were able to
identify 84% to 96% of COVID-19-negative samples and
92.3% to 95.2% of COVID-19—positive samples.22

FINNISH ANTIBODY STUDIES

A Finnish study assessed the performance of six commer-
cial immunoassays (Abbott Architect SARS-COV-2 IgG,
Diasorin Liaison SARS-COV-2 S§1/82 IgG, Euroimmun
SARS-COV-2 IgG, Euroimmun SARS-COV-2 IgA, Acro
Biotech 2019-nCoV IgG/IgM, and Xiamen Biotime
Biotechnology ~SARS-COV-2 IgG/IgM).23 The study
included 70 serum samples from COVID-19 patients and
81 control patients.”> The sensitivity for the assays ranged
from 68.3% to 97.5%, and the specificity ranged from
43.8% to 81.3%. The variability is believed to be related to
the specific protein or antibodies used to detect SARS-CoV-
2.2 Specifically, the authors suggested that improvements to
antigenic features of the SARS-CoV-2 antibody tests and test
workflow would improve sensitivity and specificity of the
screening methods.>

BELGIAN ANTIBODY STUDIES

A Belgian group studied the effectiveness of five SARS-
CoV-2 antibody tests, including the Maglumi 2019-n-CoV
IgG and IgM assays, Euroimmun AntiSARS-CoV-2 IgG and
IgA assays, and three lateral flow rapid tests.”* The study
found Maglumi IgG/IgM and Euroimmun IgG/IgA test sen-
sitivities of 84.4% and 64.3%, respectively.”* The sensitivity
of the three lateral flow assays ranged from 91% and 94% 2
weeks after symptom onset for COVID-19.%

ITALIAN ANTIBODY STUDIES

An TItalian study compared the Abbott Architect SARS-
CoV-2 IgG immunoassay to an indirect immunofluorescence
assay and a neutralization assay from COVID-19 samples
collected at different times from symptom onset.”> The sen-
sitivities of the Abbott Architect SARS-CoV-2 IgG immuno-
assay at 7, 14, and >14 days were 8.3%, 61.9%, and 100%,
respectively. In contrast, the indirect immunofluorescence
assay had sensitivities of 58.3%, 85.7%, and 100% at 7, 14,
and >14 days, respectively.25 The study suggests that indi-
rect immunofluorescence assays may be better for detecting
SARS-CoV-2 antigens or antibodies at the early stages of
infection compared to the Abbott Architect SARS-CoV-2
IgG immunoassay. An Italian study also assessed the sensitiv-
ity and specificity of the LIAISON SARS-CoV-2 S1/S2 IgG
assay using 1500 clinical samples. The study found that the
sensitivity of the assay at 5 and 15 days was 91.3% and
95.7%, respectively.?®
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SPANISH ANTIBODY STUDIES

A Spanish study compared the sensitivity and specificity of
a commercial IgG and IgA ELISA (Euroimmun) with three
lateral flow immunoassays (Hangzhou Alltest Biotech, Wuhan
UNscience Biotechnology, and Guangzhou Wondfo Biotech)
from 109 COVID-19 patients.”” The Euroimmun SARS-
CoV-2 test had a sensitivity and specificity of 100% and
80.6%, respectively. The sensitivities of the lateral flow immu-
noassays ranged from 81.2% to 100%; the specificities ranged
from 80.6% to 100%.>” Physicians are encouraged to utilize
lateral flow immunoassays with the highest sensitivity possible.
A subsequent Spanish study evaluated a lateral flow immuno-
assay AllTest COVID-19 IgG/IgM using serum samples from
100 SARS-CoV-2-negative patients and 90 patients with
SARS-CoV-2 confirmed with nasopharyngeal RT-PCR.*®
The study found that the AllTest COVID-19 IgG/IgM had a
sensitivity of 64.4% among COVID-19 patients at symptom
onset. After 2 weeks, the sensitivity of the antibody test
increased to 88%.”"

CHINESE ANTIBODY STUDIES

A recent longitudinal study from the Renmin Hospital of
Wuhan University studied antibody tests’ detection of anti-
bodies against the SARS-CoV-2 envelope protein E and
nucleocapsid protein N antigens from 112 COVID-19
patients over a month.”” The study found that 52% of the
COVID-19 patients were positive for both IgM and IgG, 6%
were negative for both antibodies, 1% were positive for only
IgM, and 41% were positive for only IgG. The IgM antibod-
ies appeared within a week of symptom onset and lasted for a
month before gradually decreasing. In contrast, the IgG anti-
body formed 10 days after exposure to SARS-CoV-2 and
remained high after 2 months of exposure. However, this
study only looked at SARS-CoV-2 antibodies against envelope
protein E and nucleocapsid protein N antigens.”” The study
did not compare whether a similar trend was found with other
antibody kits detecting antibodies against SARS-CoV-2 spike
protein. Furthermore, the study did not assess the sensitivity
or specificity of the antibody test kits. Along with the small
sample size, it remains suspect whether a similar trend would
be validated using other antibody tests. Another Chinese study
tested the sensitivity and specificity of colloidal gold immuno-
chromatography assay for SARS-CoV-2-specific IgM/IgG in
150 patients with COVID-19 pneumonia.”® Using the RT-
PCR results for comparison, the study found that the colloidal
gold immunochromatography assays had a sensitivity of
71.1% and a specificity of 96.2%.>° The sensitivity increased
t0 95.2% for patients with symptoms lasting >14 days.

TAIWANESE AND SINGAPOREAN ANTIBODY STUDIES

A Taiwanese study examined the accuracy of four RDT
SARS-CoV-2 tests (Alltest 2019-nCoV IgG/IgM Rapid Test,
Dynamiker 2019-nCoV IgG/IgM Rapid Test, ASK
COVID-19 IgG/IgM Rapid Test, and Wondfo SARS-CoV-
2 Antibody Test) in 16 patients with COVID-19 confirmed
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with RT-PCR and 58 COVID-19-negative patients over 3
months.”’ The average sensitivity and specificity for detect-
ing SARS-CoV-2 antibodies after 3 weeks of contracting
COVID-19 was approximately 100% for both IgG and
IgM.?" Although the sensitivity and specificity were high,
the sample size for this study was low compared to other
studies. This result was confirmed in a Singaporean study
examining the performance of the Abbott Architect SARS-
CoV-2 IgG assay in COVID-19 patients.”> The study
included 177 positive COVID-19 patients and 163 control
patients. The specificity of the Abbott Architect SARS-CoV-
2 IgG assay was 100%.°% In contrast, the sensitivity of the
Abbott Architect SARS-CoV-2 IgG assay was estimated to
be 8.6% at 6 days, 43.6% at 7 to 14 days, 84% at 14 to 20
days, and 84.4% at 21 days.>
Table 2 summarizes the individual country studies.

COCHRANE META-ANALYSIS OF ANTIBODY STUDIES

A recent analysis conducted by Cochrane assessed the
diagnostic accuracy of antibody tests to determine whether a
person presenting with a current or previous COVID-19
infection would be detected using commercially available
antibody test kits in different seroprevalence surveys.” The
study included antibody tests, such as ELISA, chemilumines-
cence immunoassays, and lateral flow assays, from 57 publi-
cations (38 from Asia, 15 from Europe, 1 from the USA,
and 1 from China) containing 15,976 samples, of which
8526 were confirmed COVID-19 cases.”®> The reference
standards for comparing these antibody tests were RT-PCR
tests and clinical diagnosis based on established guidelines.
After removing studies with biases (e.g., lack of blinding),
the Cochrane review included 19 studies on hospitalized
COVID-19 patients and antibody tests. None of the studies
exclusively examined the effectiveness of antibody tests in
asymptomatic participants.

Over two-thirds of the studies diagnosed COVID-19
based exclusively on RT-PCR results alone, which leaves the
potential for false-negative RT-PCR results.”” Pooled results
for IgG, IgM, IgA, total antibodies, and IgG/IgM were
found to have low sensitivities in the first week of symptoms
(30.1%) but rose in the second (72.2%) and third (91.4%)
weeks following exposure.”® Little data exist to evaluate the
precision of COVID-19 antibody tests after a month.*
Assuming a prevalence of 5% for COVID-19 in a national
screening survey, current antibody tests would have a false-
positive rate of 21% and a false-negative rate of 0.4%. If the
antibody tests were applied in a high-risk setting, such as in
health care workers, with a prevalence set at 50%, the
COVID-19 antibody tests would have a lower false-positive
rate (2%) buc higher false-negative rate (8%). Therefore, the
high false-positive rates for population studies or high false-
positive rates in high-risk settings may inflate COVID-19
immunity levels in the community or unnecessarily
expose patients to health care workers who are harboring
the virus.
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Table 2. Sensitivity and specificity of different antibody tests conducted globally*

Source

Antibody test

Sensitivity

Specificity

South America
Castro et al'
Austria
Bundschuh et al'™®
Egger et al'®
Traugott et al'”
France

Tuaillon et al'®
Demey et al'®

Nicol et al?°
Germany

Kohmer et al*’

Haselmann et al?
Finland

Jaaskeldinen et al*®

Belgium
Montesinos et al>*

Meschi et al®®

Bonelli et al*®

Spain
Serrano et al*’

Pérez-Garcfa et al’®

China

Zhang et al*®

Shen et al*®
Taiwan and Singapore
Wu et a*"

Chew et al®

Meta-analysis

EDI

Elecsys and IgM/IgG EDI
ELISA and RDT

RDT and ELISA

RDT

Abbott Architect, Euroimmun, and LFIA

Abbott Architect, Roche Cobas, LIAISON
XL, VIRCLIA

Roche, Euroimmun, and Epitope

Abbott Architect, Diasorin Liaison,
Euroimmun, Acro Biotech, and Xiamen
Biotime Biotechnology

Maglumi, Euroimmun, and RDT
Abbott Architect

LIAISON

Euroimmun, Hangzhou Alltest Biotech, Wuhan
UNscience Biotechnology and Guangzhou
Wondfo Biotech

AllTest

SARS-CoV-2 envelope nucleocapsid proteins

Colloidal gold immunochromatography (RDT)

Alltest, Dynamiker, ASK, and Wondfo
Abbott Architect

lgM, 82%; lgG, 97%

5-10days: IgM, 37.1%; lgG, 37.1%
>5-10days: IgM, 76.4%; IgG, 82.4%

94%—100%
80%

1-7 days: 50%
>14 days: 80%—-100%

>10days: 60%—80%
>14days: 100%

>14 days: 80%

66.7%-89%

92.3%-100%

68.3%-97.5%

64.3%—-94%

7 days: 8.3%—-58.3%;
14 days: 61.9%-85.7%);
>14 days: 100%

5days: 91.3%;
15days: 95.7%

81.2%-100%

>14 days: 88%

52%
1%

>21days: 100%

6 days: 8.6%;
7-14 days: 84%;
14-20 days: 84.4%

IgM, 97%; 1gG, 98%

IgA, 83%; lgG, 98%; IgM, 97%

84%-100%

43.8%—-81.3%

80.6%-100%

96.2%

>21 days: 100%

*Positive controls were COVID-19 patients with varying clinical severity in symptoms.

WORLDWIDE TESTING
As shown in Table 3, Mexico, the United States, the
United Kingdom, Germany, Switzerland, China, and

Singapore have developed commercially available SARS-CoV-2
antibody tests.'* Many of the commercial antibody kits did
not report the time at which the sample was measured to
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Table 3. Commercially available COVID-19 antibody diagnostic tests by continent*

Antibody test and company Country Sensitivity Specificity Days measured
North America
RDT — Cellex us 93.8% 95.6% -
RDT — ChemBio us - - -
ELISA — Mount Sinai Laboratory us - - -
Cl — Ortho-Clinical Diagnostics us - - -
RDT — Autobio Diagnostics us IgM, 95.7%; 1gG, 99% lgM, 99%; 19G, 99% -
ELISA — DiaSorin us 90%—-97% 90% 5-15
Cl — Abbott Laboratories us - - -
ELISA — Bio-Rad us 98% 99% -
Microsphere immunoassay — us - 93-100% -
Wadsworth Center
Electro-Cl — Roche us 0-6 days, 65.5%; 7—13 days, 88.1%; 99.8% 0-14
>14days, 100%
ELISA — Euroimmun AG us 0-10days, 13.9%; 11-20 days, 100% 0-21
61.1%; <21 days, 100%
RDT — Healgen Scientific us IgM, 86.7%; IgG, 96.7%; IgM and IgM, 99%; lgG, 98%; Igh/ -
lgG, 96.7% lgG, 97%
Cl — Siemens Health care us 0-6 days, 60.7%; 7—13 days, 97.5%; 99.8% 0-14
Diagnostics >14days, 100%
Cl — Siemens Health care us 0-6 days, 65.1%; 7—13 days, 97.5%; 99.8% 0-14
Diagnostics >14days, 100%
Electro-Cl — Roche Diagnostics us 84% 63% -
Cl — Vibrant America Clinical Labs us 98.1% 98.6% -
Cl — Babson Diagnostics us 8—14 days, 66.7%; >15days, 100% 100% -
Cl — Beckman Coulter us 0-7 days, 75%; 8—14 days, 95.3%; 100% -
>15days, 96.8%
ELISA — InBios International us 92.5% 98.5% 0-12
Cl — Diazyme Laboratories us 91.7% 97.4% -
ELISA — Mayo Clinic/ us - - -
Univ Minnesota
RDT — Advaite us 89% 100% -
RDT — Kabla Clinical Diagnostics Mexico IgM, 85%; 1gG, 99.9% IgM, 96%; 1gG, 98% -
Europe
Multiplexed Immuno Refractive Switzerland 100% 99.8% -
Assay — Quotient
RDT — Edinburgh Genetics UK 100% 98.7% -
ELISA — Euroimmun AG Germany 0-10days, 13.9%; 11-20days, 100% 0-21
61.1%; >21 days, 100%
Asia
NA — Singapore/ Wang Lab Singapore 90% - -
RDT — Aytu Biosciences/Orient China IgM, 87.9%; IgG, 97.2% IlgM, 100%; lgG, 100% -
Gene Biotech
Proprietary — ScanWell China 87.3% 100% -
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Table 3. Continued

Antibody test and company Country Sensitivity Specificity Days measured
RDT — Ringbio China IgM, 89.4%; 19G, 97.9% IgM, 97.7%; 19G, 97.7% -
RDT — Cellex China 93.8% 95.6% -
RDT — Healgen Scientific China IgM, 86.7%; IgG, 96.7%; IgM/ IlgM, 99%; lgG, 98%; Igh/ -
I9G, 96.7% 19G, 97%
RDT — Hangzhou Biotest Biotech China IgM, 92.5%; IgG, 91.56% IgM, 98.1%; IgG, 99.52% 0-14
RDT — Biohit Health care (Heifei) China 1-7 days: IgM, 33%; 8-14 days: IgM, IgM, 99.46%); 1gG,100% 0-15
83%; IgG, 56.6%; >15days, IgM,
97.7%; IgM, 96.2%
RDT — Hangzhou Laihe Biotech China 0-6 days: IgM, 100%; IgG, 0%; 99.4% 0-14
7-14 days: IgM, 85.7%; 1gG, 76%;
>14days: IgM, 99.3%;
lgG, 98.5%
RDT — Assure Biotech (Hangzhou) China 95.1% 100% -
RDT — Beijing Wantai Biological China 94.7% 98.9% -

Pharmacy Enterprise

*Source: The Johns Hopkins Center for Health.'? Positive controls were COVID-19 patients with varying clinical severity in symptoms.
Cl indicates chemiluminescent immunoassay; ELISA, enzyme-linked immunosorbent assay; NA, neutralization assay; RDT, rapid diagnostic test.

detect the SARS-CoV-2 antibodies against the spike protein or
nucleocapsid protein. Currently, no standard SARS-CoV-2
antibody kit has been adopted in the US or abroad. Although
antibody tests are generally cheaper than other laboratory tests,
resource-scarce nations or those without insurance may be less
willing to ask for a SARS-CoV-2 antibody. Furthermore, the
lack of rigorous comparison between the SARS-CoV-2 anti-
body kits in their sensitivity, specificity, cost, and standardiza-
tion has introduced uncertainty into the accuracy and
reliability of the kits to monitor SARS-CoV-2. Further compli-
cating matters is the long turnaround times for different
SARS-CoV-2 antibody kits. A greater intentional initiative is
needed to help standardize and improve the accuracy of anti-
body kits to detect SARS-CoV-2 virus.

As shown in Table 4, the European Commission, the
Johns Hopkins Center for Health Security, the Centers for
Disease Control and Prevention (CDC), the American
Association for Clinical Chemistry, and the Infectious
Diseases Society of America have released recommendations
for administering SARS-CoV-2 antibody tests.***” The
CDC recommends that physicians and health care organiza-
tions adopt three approaches for choosing and optimizing
antibody tests. First, in populations with >5% prevalence of
COVID-19, clinicians should choose antibody tests with
high specificity (e.g., 99.5%).>°> Second, physicians are
encouraged to administer SARS-CoV-2 antibody tests for
any person who previously had or was exposed to COVID-
19.%>3¢ Third, physicians are encouraged to use orthogonal
testing algorithms that administer SARS-CoV-2 antibody
tests after a patient has tested positive for COVID-19.>%3°
Currently, the CDC has no evidence to demonstrate the per-
formance advantage of assays, whether the antibody kits test
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for IgG, IgM, and IgG or total antibod}/.35’37 Although IgA
antibodies are used in SARS-CoV-2 antibody kits, the CDC
discourages physicians from using IgA antibodies for deter-
mining immune status to SARS-CoV-2 due to the dynamics
of IgA detection in patient samples.”>*°

The CDC also encourages physicians to use antibody tests
only for diagnostic purposes. The antibody tests should not be
used to determine the immune status of COVID-19 patients
until further clinical studies have established the presence, dur-
ability, and duration of immunity to COVID-19.%
Furthermore, the CDC discourages use of SARS-CoV-2 anti-
body kits to make decisions on whether a patient can return to
the workplace, congregate in large gatherings, or live in close
communities.”” A similar recommendation was given by the
European Commission, which also emphasized the limited
information that SARS-CoV-2 antibody tests can provide
toward assessing an individual’s immune status to SARS-CoV-
2.>4 Despite the current limitations of SARS-CoV-2 antibody
kits, the European Commission has encouraged administering
SARS-CoV-2 antibody kits for large-scale epidemiological
population surveys to assess the immune status of patients and
guide deescalation strategies.>* The American Association for
Clinical Chemistry and the Infectious Diseases Society of
America also made similar recommendations.*®>’

Overall, antibody tests are ineffective at diagnosing
COVID-19 after the first week of symptom onset and
should only be used 2 weeks after symptom onset. The over-
all duration of IgG, IgM, and IgA antibodies after COVID-
19 infection remains unknown. Therefore, it is uncertain
whether antibody tests may be effective for detecting previ-
ous COVID-19 in the general population. Most antibody
tests have been evaluated using hospitalized patients with
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Table 4. Society recommendations for SARS-CoV-2 antibody testing*

Categories

Recommendations

Antibody tests

Patients to screen

Limitations of antibody tests
Duration of antibody protection

Kinetics of antibody response

Potential for SARS-CoV-2 infection

Use antibody test with high sensitivity

Use antibody tests with IgG, IgM, 1gG, or total antibody; avoid using antibody kits measuring IgA

Use orthogonal testing algorithms (two independent tests in sequence when the first test yields a positive result)
Administer antibody tests 1 to 3 weeks after symptom onset

Patients with a previous COVID-19 infection
Patients exposed to an individual diagnosed with COVID-19

Antibody tests are unable to reveal the following:

Ability of antibodies to protect from repeat infections
Protective titer required to prevent infection

o A false-positive is possible due to cross-reactive antibodies from previous coronavirus infection

*Sources: The Johns Hopkins Center for Health Security,® European Commission,®* Centers for Disease Control and Prevention,®> American Association for Clinical Chemistry,*®

Infectious Diseases Society of America.®”

higher COVID-19 antibody titers. It is unclear whether the
same antibody tests can be applied to asymptomatic patients
or patients with a mild case of COVID-19 with lower anti-
body titers. Variability in administering antibody tests related
to onset of COVID-19 symptoms has also produced uncer-
tainty about the sensitivity of the antibody tests.”> Further
studies are needed to compare antibody tests to COVID-19
results from RT-PCR for nonexposed individuals and those
with asymptomatic, mild, and severe COVID-19.

LIMITATIONS

The applicability of antibody tests is also limited for many
reasons. Most studies assessing the detection capability of anti-
body tests used small samples, and methods for reporting the
results for COVID-19 infections were inconsistent.” For
example, some studies did not report patients with COVID-19
who had false-negative results or included data from patients
without COVID-19 before the current pandemic.®**
Furthermore, most patients were hospitalized with advanced
COVID-19 infections, and studies excluded those with mild or
asymptomatic cases. In addition, more than half of the antibody
tests were developed at different institutions and are not avail-
able for purchase. Therefore, it is difficult to assess or replicate
the validity and reliability of many tests currenty being used to
detect COVID-19 antibodies.***®” This issue is further com-
pounded by the large number of antdbody studies from Asian
countries that were preprints and did not undergo rigorous peer
review before being published. Several of these studies also had a
high risk of bias for participant selection, application of index
tests, reference standard used, and flow and tming for antibody
tests that may incorrectly report the accuracy of COVID-19
antibody tests.

Lastly, the association between IgA levels and COVID-
19 infection severity remains unknown. IgA levels appear to
fluctuate in COVID-19 patients most likely due to the shift

in the innate to adaptive immune response. It is unknown

January 2021

whether serum IgA levels may correlate with either the sever-
ity or immune status of COVID-19 patients after infection.
These combined factors make assessing the overall reliability
of antibody tests an open area of investigation.

CONCLUSION

As the COVID-19 pandemic continues, accurate antibody
tests are essential for public health interventions to monitor
the spread and assess the level of immunity within a given
population. Currently, the accuracy of COVID-19 antibody
tests is primarily limited by the timing of test administration.
In general, antibody tests should only be used at least 2 weeks
after the initial symptoms or exposure to COVID-19 in
patients who did not receive an RT-PCR test or had negative
RT-PCR results for COVID-19. However, it
unknown whether antibody tests can be applied accurately
months after exposure to COVID-19. Furthermore, the dur-
ation of antibodies against COVID-19 remains an area of

remains

active investigation that is important in developing public
health measures. Despite the limitations with current COVID-
19 antibody tests, further research and improved methodology
will improve the applicability of these tests for monitoring the
progression of COVID-19 in the months and years to come.
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