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In order to fight the SARS-CoV-2 pandemic infection, there is a growing need and demand for diagnostic
tools that are complementary and different from the RT-PCR currently in use. Multiple serological tests
are or will be very soon available but need to be evaluated and validated. We have thus tested 4 im-
munochromatographic tests for the detection of antibodies to SARS-CoV-2. In addition, we assessed the
kinetics of antibody appearance using these assays in 22 patients after they were tested positive by RT-
PCR. We observed great heterogeneity in antibody detection post-symptom onset. The median antibody
detection time was between 8 and 10 days according to the manufacturers. All the tests showed a sensi-
tivity of 60 to 80% on day 10 and 100% on day 15. In addition, a single cross-reaction was observed with

other human coronavirus infections. Thus, immunochromatographic tests for the detection of anti-SARS-
CoV-2 antibodies may have their place for the diagnostic panel of COVID-19.
© 2020 The British Infection Association. Published by Elsevier Ltd. All rights reserved.

Background

Since December 2019, the world has been facing a pandemic of
COVID-19, an infectious disease caused by SARS-CoV-2, a virus that
emerged in China 7. Although RT-PCR testing of SARS-CoV-2 has
become the standard method for direct diagnosis, these real-time
PCR tests have some limitations, primarily dedicated infrastructure
to avoid any biorisk, limited capacity and a long turnaround time
3. There is increasing pressure from the medical community and
society to screen the population on a large scale. Serological tests
in ELISA format or as immunochromatographic lateral flow assay
(LFA) have recently become available from many manufacturers 42,
These serological tests will be complementary to PCR tests both for
screening and diagnosis of the population, for the purpose of pop-
ulation exits from containment in different countries and finally for
future epidemiological studies. However, it is necessary to evaluate
the analytical performance of these assays and also their place in
clinical practice. Thus, the objective of our study was to evaluate
four immunochromatographic assays for the detection of IgM and
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IgG antibodies to SARS-CoV-2 and to evaluate the kinetics of their
detection by these LFA.

Study design
Study population and specimen

Twenty two patients diagnosed positive in Amiens University
hospital for SARS-CoV- 2 on a nasopharyngeal swab using a RT-PCR
technique (National Reference Center in Pasteur Institute, Paris,
France) were included in our study. The date of reporting of the
first symptoms was retrieved from the medical records. The sam-
ples were tested regularly during the hospitalization until the
tests were positive, with an evaluation at most on day 24 post-
symptoms. In order to evaluate a possible cross-reaction with the
other human coronaviruses described to date (NL63, HKU1, 229E
and 0C43), sera following such viral respiratory infection diag-
nosed in our lab were tested. This project was conducted in ac-
cordance with the reference methodology (MR-004 France) in ac-
cordance with Article 30 of the GDPR.

Rapid immunochromatographic tests

We evaluated 4 immunochromatographic tests for the detection
of IgM and IgG directed against SARS-CoV-2 (Fig. 1). These tests

0163-4453/© 2020 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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Fig. 1. Design of these 4 immunochromatographic tests for the detection of antibodies against SARS-CoV-2.

were kindely provided by Asian manufacturers, namely Biotime
Biotechnology Co, Autobio Diagnostics Co, ISIA BIO-Technology Co
and Biolidics.

For the Biotime, Autobio, and Biolidics tests the detection of
IgM and IgG is performed on the same diagnostic cassette. For ISIA
2 different cassettes are available. Each test requires between 10
and 20 pL of serum, plasma or whole blood and is read 10 to 15
minutes after the sample and diluent have been deposited.

For the Biotime and Biolidics assays, respectively 15 and 17
of the 22 patients could be tested for lack of immunochromato-
graphic tests.

Results

Delay between symptoms onset and first SARS-CoV-2 antibodies
detection

Longitudinal immunochromatographic testing in all patients
shows heterogeneity in the time to detection of antibodies after
symptom reporting (Fig. 2). The median antibody detection time
was 8 days since onset of symptoms for Autobio and Biotime (IgM
or IgG), 9 days for Biolidics (IgM or IgG) and 9 and 10 days for ISIA
IgM and IgG respectively (Fig. 2 and supplementary data). IgG was
detected in all patients on day 15 since onset of symptoms, while
IgM was not detected in 3 patients with Autobio and ISIA. [gM was
detected before IgG in 1, 1, 7 and 0 patients with the Biotime, Au-
tobio, ISIA and Biolidics assays respectively. In the other cases, IgM
was detected at the same time as IgG. Thus, the diagnostic interest
of detecting IgM directed against CoV-2-SARS appears limited.

Clinical sensitivity of different assays for SARS-CoV-2 antibodies

The clinical sensitivity of the different tests could be assessed
longitudinally during follow-up and we observed an increasing
sensitivity in the post-symptom period (Fig. 3 and Table 1). As de-
scribed above, the clinical sensitivity of IgM does not appear to be
superior to IgG for these immunochromatographic tests. With ei-
ther IgM or IgG detection for a patient on days 5, 10 and 15 since
onset of symptom, we calculated a clinical sensitivity between 9
and 24%, 67 and 82% and 100% respectively (Fig. 3B and Table
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Fig. 2. Delay between symptoms onset and first SARS-CoV-2 antibodies (IgM or
IgG) detection by the four assays. Dots represent each positive assay performed.
Red bars represent median with interquartile range for delay (days) between symp-
toms onset and antibodies detection. The number of positive patients over the total
number of tested patients is indicated in brackets.

1). The Autobio test appears to have better sensitivity at day 10
(81.82%) versus 70.59%, 68.18% and 66.67% for Biotime, ISIA and Bi-
olidics respectively (not significant).

Specificity of different assays for SARS-CoV-2 antibodies

In order to evaluate the specificity of these different im-
munochromatographic tests, particularly regarding previous infec-
tions to other viruses of the human coronavirus family, we eval-
uated 12 sera from patients who had a RT-PCR diagnosis of
respiratory infection by different coronaviruses in 2019 (Table 2).
Of the 41 tests performed, only one (Autobio) was positive from
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Fig. 3. Sensitivity of different assays for SARS-CoV-2 antibodies in relation to time between onset of symptoms and assay performing. (A) represents results for IgM and IgG
testing separately. (B) represents results admitting positivity of the assay if IgM and/or IgG are detected.

the serum of a patient with a respiratory diagnosis 39 days pre-
viously of HCoV-229E. The same test for the other three sam-
ples with HCoV-229E was negative each time. Cross-reactions with
these different coronaviruses therefore appear to be limited but
may require further investigation.

Discussion

In this study we demonstrated the kinetics of detection of an-
tibodies to SARS-CoV-2 using immunochromatographic LFA. These
simple rapid unit tests are also easy to read (Fig. 1). Profiling early
humoral response were already observed with ELISA assay !'8.

We calculated increasing clinical sensitivities over time from
the onset of symptoms in patients. Moreover, we did not observe
any real added value in IgM staining from these immunochromato-
graphic tests. With this kind of test, it is very difficult to distin-
guish the very recent infection from the older one because some
patients present early with IgG without IgM and for some a de-
tectable IgM threshold appears later. Serological ELISA tests from
research laboratories or portfolios of in vitro diagnostic manufac-
turers may allow a clearer distinction between IgM and IgG kinet-
ics and their respective interest. Nevertheless, the value of these
point of care tests seems obvious in countries with limited re-
sources but perhaps also as the epidemic progresses in individu-
als in the form of self-homemade assay from a drop of blood on
the fingertip. This type of test could be easily delivered to individ-

uals and thus limit contact. In addition, in countries with strong
health systems, these rapid detection tests may also find their way
as doctor tests in emergency departments. During this COVID-19
epidemic there is a rebound in symptoms on days 7 to 10 leading
to a visit to a doctor or an emergency department. In Fig. 3 and
Table 1, we have calculated a sensitivity of these tests between 22%
and 81% during this post-symptom reporting period. Even if symp-
tom reporting remains very subjective and time-varying but if we
add an average incubation period of 5 days °, we can say that at
14-15 days post-infection these tests seem reliable.

Finally, regarding specificity that we evaluated with respect to
sera of other common Coronavirus infections, we observed a single
cross-reaction. However, we were unable to test serum from peo-
ple formerly infected with SARS-CoV 6. We would probably have
many more cross reactions between these very close viruses as
already report. Also, due to the lack of available tests, we could
not test for specificity with samples containing antibodies to other
viruses (HIV, HCV, HBV and others pathogens).

In conclusion, we described the kinetics of detection of
post-symptom antibodies in 22 patients using immunochromato-
graphic rapid tests and demonstrated the good performance of
these tests for the detection of antibodies after SARS-CoV-2 in-
fection. Our results suggest that these rapid and simple tests
should be seriously considered in this time of health and po-
litical crisis to monitor both symptomatic and non-symptomatic
patients.
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Table 1
Sensitivity of the four assays in relation to the time between onset of symptoms and assay performing.
Sensitivity (%)
BIOTIME AUTOBIO — BIOLIDICS
BIOTECHNOLOGY
Days after
symptoms IGM IGG IGM IGG IGM IGG IGM IGG
onset
0 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
1 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
2 0,00 0,00 4,55 4,55 0,00 0,00 0,00 0,00
3 11,76 11,76 4,55 9,09 4,55 0,00 6,67 6,67
4 2941 2353 13.64 2273 9.09 9.09 1333 1333
5 29,41 23,53 13,64 2273 9,09 9,09 13,33 13,33
6 2941 2941 2273 2727 9.09 13,64 26,67 26,67
7 41,18 41,18 36,36 4545 22,73 2273 40,00 40,00
8 52,94 52,94 4545 63,64 40,91 27,27 46,67 46,67
9 58,82 58,82 50,00 63.64 4545 31,82 53,33 53,33
10 70,59 70,59 59,09 81,82 68,18 54,55 66,67 66,67
11 76,47 76.47 72,73 86,36 68,18 68,18 80,00 80,00
12 8235 8235 81,82 86,36 72,73 77,27 86,67 86,67
13 8824 8824 81,82 95.45 77,27 81,82 9333 93.33
14 9412 9412 86,36 100,00 7727 90,91 100,00 100,00
15 100,00 100,00 86,36 100,00 81,82 100,00 100,00 100,00
16 100,00 100,00 86,36 100,00 81,82 100,00 100,00 100,00
17 100,00 100,00 86,36 100,00 81,82 100,00 100,00 100,00
18 100,00 100,00 86,36 100,00 81,82 100,00 100,00 100,00
19 100,00 100,00 86,36 100,00 81,82 100,00 100,00 100,00
20 100,00 100,00 86,36 100,00 86,36 100,00 100,00 100,00
21 100,00 100,00 86,36 100,00 86,36 100,00 100,00 100,00
22 100,00 100,00 86,36 100,00 86,36 100,00 100,00 100,00
23 100,00 100,00 86,36 100,00 86,36 100,00 100,00 100,00
24 100,00 100,00 86,36 100,00 86,36 100,00 100,00 100,00
Table 2
Specificity of the four assays relative to other viruses of the Coronaviridae.
Detected coronavirus  Serum (days after BIOTIME AUTOBIO ISIA BIOTECHNOLOGY  BIOLIDICS
diagnosis by PCR)
IGM IGG IGM IGG IGM IGG IGM  IGG
HCoV-0C43 86 N N
HCoV-0C43 170 N N
HCoV-0C43 174 N N
HCoV-0C43 176 N N
HCoV-0C43 301 N N
HCoV-229E 39 N N N P N N N N
HCoV-229E 14 N N N
HCoV-229E 761 N N
HCoV-229E 56 N N
HCoV-NL63 16 N N N N N N N N
HCoV-NL63 561 N N
HCoV-HKU1 24 N N N N N N
N: negative P: positive.
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