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ABSTRACT

COVID-19 is the most rapidly growing pandemic in modern time, and the need for serological
testing is most urgent. Although the diagnostics of acute patients by RT-PCR is both efficient
and specific, we are also crucially in need of serological tools for investigating antibody
responses and assessing individual and potential herd immunity. We evaluated
a commercially available test developed for rapid (within 15 minutes) detection of SARS-
CoV-2-specific IgM and IgG by 29 PCR-confirmed COVID-19 cases and 124 negative controls.
The results revealed a sensitivity of 69% and 93.1% for IgM and IgG, respectively, based solely
on PCR-positivity due to the absence of a serological gold standard. The assay specificities
were shown to be 100% for IgM and 99.2% for IgG. This indicates that the test is suitable for
assessing previous virus exposure, although negative results may be unreliable during the
first weeks after infection. More detailed studies on antibody responses during and post
infection are urgently needed.
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Background atypical symptoms such as gastrointestinal manifesta-
tions as well as anosmia and ageusia. However, the
virus has been detected in completely asymptomatic
individuals, e.g. in a recent study from Italy, showing
that 44% of the laboratory-confirmed cases lacked
symptoms [10]. The knowledge concerning the actual
number of asymptomatic vs. symptomatic infections
is still limited. The same is true for the potentially
growing herd immunity, where almost no data is
available to date.

In the present study, we evaluated a commercially
available assay, the COVID-19 IgG/IgM Rapid Test
Cassette (Zhejiang Orient Gene Biotech Co Ltd,
Huzhou, Zhejiang, China), developed for detection
of SARS-CoV-2-specific antibodies.

In late 2019, a cluster of cases of viral pneumonia of
unknown aetiology was reported in Wuhan, Hubei
Province, China. This new viral pneumonia, COVID-
19 (Coronavirus Disease 2019), caused by the novel
SARS-CoV-2 (Severe Acute Respiratory Syndrome
Coronavirus-2), spread rapidly and developed into
a global pandemic within three months from its
initial detection [1-3]. Among other symptoms,
those of COVID-19 often include fever and dry
cough, which resemble respiratory illnesses caused
by other viruses or bacteria [4-7]. Due to the over-
lapping manifestations, clinical diagnosis becomes
problematic, especially during seasonal flu [8], why
confirmation of COVID-19 depends on the detection
of SARS-CoV-2 nucleic acid by reverse-transcriptase

polymerase chain reaction (RT-PCR).

More than 1.26 million cases of COVID-19 in >
200 countries and territories, with more than 66.000
human deaths, have been reported ([9], 5 April 2020).
Due to the limited testing in many geographical
regions, it is clear that the total number of actual
COVID-19 cases is much higher than the number
of confirmed ones. In most of the confirmed
COVID-19 cases, the patients are symptomatic show-
ing fever, dry cough, and pneumonia, but also more

Material and methods
Serum samples

Capillary blood samples or serum from 29 PCR-
confirmed COVID-19 patients or convalescents, and
capillary blood samples from 24 healthy volunteers,
without any known history of SARS-CoV-2 infection/
COVID-19, were included in the study. Anonymous
blood donor sera from healthy adults (n = 80) and 20
serum samples from babies (6-12 months) collected
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before or during 2018 from the Uppsala Academic
Hospital were used as negative controls. Clinical sam-
ples that had been deposited in Uppsala Biobank
were anonymized and used in accordance with local
ethical guidelines. They were all used with informed
consent according to the Swedish Biobank law, which
allows anonymized diagnostic patient samples to be
used for purposes similar to those of the original
sampling. The 29 samples from COVID-19 con-
firmed individuals, as well as the 100 negative con-
trols and the 24 healthy volunteers were all from
unique individuals. All samples were analyzed
anonymously.

COVID-19 1gG/IgM rapid test

The test was run according to the manufacturers

instructions (COVID-19 IgG/IgM Rapid Test
Cassette  (whole blood/serum/plasma), Product/
Model: GCCOV-402a, Lot: 2003242, Zhejiang

Orient Gene Biotech Co Ltd, Huzhou, Zhejiang,
China) [11]. Briefly, 5 pl of serum or one drop of
capillary blood were added to the test slide, followed
by 80 ul of the buffer provided in the kit. The results
were read after 10 min (max 15 min), by the naked
eye. Only tests in which the control line changed its
color were regarded as valid (3 out of 156 (1.9%)
cassettes did not function). If a line was observed
for IgM and/or IgG, the test was considered positive.
The intensity of the color was not judged.

Results

IgM and IgG reactivities in negative control
samples

None of the 80 negative sera from healthy blood
donors tested IgM positive in the assay, while one
tested IgG positive (1/80, 1.25%, 95% confidence
level: 0.03-6.77%) (Tables 1 and 2). The single IgG-
positive sample was re-analyzed and remained IgG
positive in the second test. None of the 20 serum
samples from the 6-12 months old babies tested
positive for either IgM or IgG.

Table 1. Comparisons of IgM results for 29 PCR-positive
COVID-19 cases and 124 healthy individuals.

Cases Healthy Total
IgM positive 20 0 20
IgM negative 9 124 133
Total 29 124 153

Table 2. Comparisons of IgG results for 29 PCR-positive
COVID-19 cases and 124 healthy individuals.

Cases Healthy Total
19G positive 27 1 28
1gG negative 2 123 125
Total 29 124 153

IgM and IgGreactivities in healthy volunteers

None of the 24 healthy volunteers, without any
known history of SARS-CoV-2 infection/COVID-19,
tested positive for IgM or IgG.

IgM and IgGreactivities in PCR-confirmed
COVID-19 patients

Altogether 20 of 29 (69%) samples from PCR-
confirmed COVID-19 patients tested IgM positive
and 27 tested (93.1%) IgG positive (Tables 1 and 2).
When the patients were grouped into two groups
depending on the time between onset of disease and
testing, seven out of ten patients in the first group
(9-17 days) and 13/19 patients in the second group
(18-29 days) tested IgM positive. Nine out of ten
patients in the first group (9-17 days) and 18/19
patients in the second group (18-29 days) tested
IgG positive (Figure 1). There was no statistical dif-
ference between the two groups for neither IgM or
IgG seropositivity. All samples that were IgM positive
were also IgG positive.

Assay sensitivity, specificity and accuracy

Based on the results described above and summarized
in Tables 1 and 2, the assay showed a sensitivity of
69% (20/29) and 93.1% (27/29) for IgM and IgG,
respectively. The assay showed an overall specificity
of 100% (124/124) and 99.2% (123/124, 1 false posi-
tive) for IgM and IgG, respectively.

Using PCR-positive cases as true positives, the
accuracy of the test was 94.1% (144/153) and 98.0%
(150/153) for IgM and IgG, respectively. The positive
and negative predictive values (the likelihood of being
a case given a positive test result, and the likelihood
of being healthy given a negative test result) for IgM
were 100% (20/20) and 93.2% (124/133), respectively.
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Figure 1. Number of PCR-positive cases positive or negative
for IgM or IgG based on number of days after onset of COVID-
19 symptoms.



For IgG, the corresponding values were 96.4% (27/
28) and 98.4% (123/125).

Discussion

In this study we evaluated a commercial rapid test for
detection of SARS-CoV-2-specific IgM and IgG. For
the evaluation, samples from COVID-19 cases,
obtained during disease or convalescence and pre-
viously confirmed by PCR, were used as ‘true posi-
tives’. This means that in the PCR-positive cases for
which antibodies may not yet had time to develop, or
in potential cases with immune defects, it is possible
that the negative IgM or IgG results were in fact true
negatives. If this was the case for one or more of the
included patients, the actual sensitivities should be
higher, i.e. when evaluated only on samples known
to contain detectable levels of SARS-CoV-2-specific
IgM and/or IgG. For a more optimal evaluation of the
assay sensitivity, a gold standard for SARS-CoV
-2-specific antibodies would have been needed. This
is, however, unfortunately not available to date.

According to the manufacturer, the specificity has
been evaluated on 14 PCR-negative samples and was
found to be 100% for both IgM and IgG, while the
sensitivity evaluated on COVID-19 cases was calculated
at 87.9% for IgM and 97.2% for IgG. The results by Li
etal. [11] indicated an overall testing sensitivity of 88.7%
and 90.6% specificity. Our results showed a lower sensi-
tivity for IgM, a similar sensitivity for IgG, and specifi-
cities in between the results of the two evaluations.

A recent study on three Chinese COVID-19 cases
found that seroconversions occurred between 7 and
12 days after the onset of symptoms [12]. However,
larger studies on the detailed kinetics of the antibody
responses (e.g. IgA, IgM, IgG, neutralizing antibodies)
are now urgently needed for a better understanding of
the dynamics of the immune response during COVID-
19. The results of our study showed detectable IgM and
IgG in some patients at day 9, while in other patients the
seroconversion seems to occur later. The impact of early
or late seroconversion on the case severity is not known,
and must now be explored. Interestingly, there were no
IgM positives that were not IgG positive. Generally, IgM
is produced first, and later there is a switch towards IgG
production [13], but studies on SARS-CoV suggest that
IgM and IgG often develop around the same time
[14,15]. Our results are in line with this (Figure 1), but
more detailed studies on long-term sequential samples
from patients are now needed. It may be worth looking
into whether this is a problem with the test, or a constant
finding within the immune response to SARS-CoV-2.

There were no false IgM positive samples, indicating
a very high specificity of the test. One false positive IgG
result was observed for one healthy adult blood donor.
This sample was re-tested and the result was consistent,
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indicating a cross-reaction to another coronavirus.
Serological cross-reactions have earlier been observed
between SARS-CoV and SARS-CoV-2 [16]. There are
other human coronaviruses (NL63, OC43, 229E, and
HKU1) that are globally endemic or epidemic [17], and
it may be possible that this reaction represented a cross-
reaction due to a previous infection with one of those.
Human CoV NL63 has been shown to use the same
receptor, angiotensin-converting enzyme 2 (ACE2), as
SARS-CoV and SARS-CoV-2 [18], which may indicate
potential cross-reactive epitopes. How common the
CoVs are as causative agents for ‘common colds’ is not
known in detail, but there has been estimates that up to
20% of cases could be caused by CoVs [19].

The specificity and sensitivity for IgG detection of
the rapid test evaluated here is well in line with those
of a recently reported enzyme-linked immunosorbent
assay (ELISA), which had a specificity and
a sensitivity of 97.5% [20].

While this study showed a satisfactory perfor-
mance of the rapid test, it is limited by being com-
pared only to clinical cases and PCR-positivity, and as
a next step, it is necessary to compare this assay to
other serological tests. In contrast to Li et al. [11], we
found less indications for using this test for clinical
diagnosis. Nevertheless, it might contribute to detect-
ing potential asymptomatic infections as well as get-
ting a notion of the magnitude of the spread in
different geographical areas, which might be a key
to taking the appropriate decisions and policies for-
ward. The high negative predictive value indicates
that the rapid test will be useful for detecting past
infections and possible immunity, which may be cru-
cial for restoring social functions after lockdown.

Acknowledgments

This work was supported by the Swedish Research Council
(VR, grant numbers 2016-02596, 2017-05807 and 2018-
02569). The rapid tests that have enabled this study were
donated to us by the Swedish company Noviral AB (orga-
nization number: 559175-7942).

Disclosure statement

The authors declare no conflicts of interest.

Notes on contributors

Tove Hoffman is a PhD student at the Department of
Medical Sciences, Uppsala University, Sweden. Her doc-
toral studies mainly concern the involvement of northward
migratory birds in the dispersal of ticks and tick-borne
pathogens.

Karolina Nissen is a medical resident and responsible for
preventive measures for High Consequence Infectious



4 (&) T HOFFMAN ET AL.

Diseases at the Infectious Disease Clinic,

University Hospital.

Uppsala

Janina Krambrich is a PhD student at the Department of
Medical Biochemistry and Microbiology, Uppsala
University, Sweden. Her doctoral studies concern molecu-
lar epidemiology and overwintering strategies of Japanese
encephalitis virus.

Bengt Ronnberg, PhD, is working as a researcher at the
Laboratory of Clinical Microbiology at Uppsala University
Hospital and at the Zoonosis Science Center at Uppsala
University. His main research focus is development of
diagnostic assays and studies on zoonotic viruses.

Dario Akaberi is a PhD student at the Department of
Medical Biochemistry and Microbiology, Uppsala
University, Sweden. His doctoral studies mainly concern
research on antivirals against flavi- and coronaviruses.

Mouna Esmaeilzadeh, MD. PhD., is a medical doctor and
neuroscientist from the Karolinska Institutet, Sweden. She
was one of the founders of SciLife Clinic (2009-2016), a pio-
neering medical clinic within preventive and personalized
medicine, using technologies such as magnetic resonance ima-
ging and genetic sequencing to map and prevent diseases. In
addition to her MD. PhD., she has a master’s degree in philo-
sophy from the University of Oslo and Stockholm University.

Erik Salaneck is an associate professor in Infectious
Diseases, Department of Medical Sciences, Uppsala
University and responsible physician for High
Consequence Infectious Diseases at the Infectious
Diseases Clinic, Uppsala University Hospital.

Johanna Lindahl is a veterinary epidemiologist working at
Zoonosis Science Centre at Uppsala University, with affilia-
tions at International Livestock Research Institute (ILRI) in
Nairobi Kenya, and Swedish University of Agricultural
Sciences. Johanna graduated from Swedish University of
Agricultural Sciences after doing her PhD working on
Japanese encephalitis virus in Vietnam. Since her PhD she
has been focusing her research on food safety, and vector-
borne, zoonotic and emerging infectious diseases in developing
countries, mainly East Africa and South and Southeast Asia.

Ake Lundkvist, PhD, is Professor in virology and one of the
founders of the Zoonosis Science Center at Uppsala
University. His work focuses on basic virological, pathoge-
netic, ecological and epidemiological studies on zoonotic
viruses and their vectors and hosts.

ORCID

Tove Hoffman
Janina Krambrich
Bengt Ronnberg
Erik Salaneck
Johanna Lindahl
Ake Lundkvist

http://orcid.org/0000-0003-2239-9078
http://orcid.org/0000-0002-5061-7143
http://orcid.org/0000-0003-0229-093X
http://orcid.org/0000-0002-0000-8948
http://orcid.org/0000-0002-1175-0398
http://orcid.org/0000-0001-8608-6551

References

[1] Guarner J. Three emerging coronaviruses in two dec-
adesthe story of SARS, MERS, and Now COVID-19.
Am ] Clin Pathol. 2020 Mar 9;153(4):420-421.

(2]

w
s

(10]

(11]

(12]

(13]

[16]

De Wit E, Van Doremalen N, Falzarano D, et al. SARS
and MERS: recent insights into emerging corona-
viruses [Internet]. Nature Reviews Microbiology
Nature Publishing Group, London, UK; Aug 1
2016;523-534. Available from: www.nature.com/
nrmicro

Hilgenfeld R, Peiris M. From SARS to MERS: 10 years
of research on highly pathogenic human
coronaviruses. Antiviral Res. 2013;100:286-295.
[Elsevier].

Wang D, Hu B, Hu C, et al. Clinical Characteristics of
138  hospitalized patients with 2019 novel
coronavirus-infected pneumonia in Wuhan, China.
] Am Med Assoc. 2020;323(11):1061. .

Huang C, Wang Y, Li X, et al. Clinical features of
patients infected with 2019 novel coronavirus in
Wuhan, China. Lancet. 2020 Feb 15;395
(10223):497-506.

Wu Z, McGoogan JM. Characteristics of and impor-
tant lessons from the coronavirus disease 2019
(COVID-19) outbreak in China: summary of
a report of 72314 cases from the chinese center for
disease control and prevention. ] Am Med Assoc.
2020;323(13):1239.

Li Q Guan X, Wu P, et al. Early transmission
dynamics in Wuhan, China, of novel coronavirus—
infected pneumonia. N Engl ] Med. 2020 Jan 29;382
(13):1199-1207.

Wu X, Cai Y, Huang X, et al. Co-infection with
SARS-CoV-2 and influenza A virus in patient with
pneumonia, China. Emerg Infect Dis. 2020 Jun;26(6).
doi:10.3201/eid2606.200299.

Worldometer. Worldometer, Coronavirus [Internet].
2020 [cited 2020 Apr 4]. Available from: https://www.
worldometers.info/coronavirus/

European Centre for Disease Prevention and Control
(ECDC). Novel coronavirus disease 2019 (COVID-19)
pandemic: increased transmission in the EU/EEA and
the UK - sixth update [Internet]. Stockholm, Sweden;
2020. Available from: https://www.ecdc.europa.eu/
sites/default/files/documents/RRA-sixth-update-
Outbreak-of-novel-coronavirus-disease-2019-COVID
-19.pdf

Li Z, Yi Y, Luo X, et al. Development and clinical
application of a rapid IgM-IgG combined antibody
test for SARS-CoV-2 infection diagnosis. ] Med
Virol [Internet]. 2020 Feb 27. cited 2020 Apr 4;
jmv:25727. Available from:: https://onlinelibrary.
wiley.com/doi/abs/10.1002/jmv.25727

Zhang J, Liu J, Li N, et al. Serological detection of
2019-nCoV respond to the epidemic: A useful com-
plement to nucleic acid testing. medRxiv.
2020;10:20030916.

Gunther N, Hoffmann GW. Qualitative dynamics of
a network model of regulation of the immune system:
A rationale for the IgM to IgG switch. ] Theor Biol.
1982 Feb 21;94(4):815-855.

Li G, Chen X, Xu A. Profile of specific antibodies to
the SARS-associated coronavirus. N Engl ] Med.
2003;349:508-509.

Hsueh PR, Huang LM, Chen PJ, et al. Chronological
evolution of IgM, IgA, IgG and neutralisation antibo-
dies after infection with SARS-associated coronavirus.
Clin Microbiol Infect. 2004 Dec 1;10(12):1062-1066.
Wan WY, Lim SH, Seng EH. Cross-reaction of sera
from COVID-19 patients with SARS-CoV assays.


http://www.nature.com/nrmicro
http://www.nature.com/nrmicro
https://doi.org/10.3201/eid2606.200299
https://www.worldometers.info/coronavirus/
https://www.worldometers.info/coronavirus/
https://www.ecdc.europa.eu/sites/default/files/documents/RRA-sixth-update-Outbreak-of-novel-coronavirus-disease-2019-COVID-19.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/RRA-sixth-update-Outbreak-of-novel-coronavirus-disease-2019-COVID-19.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/RRA-sixth-update-Outbreak-of-novel-coronavirus-disease-2019-COVID-19.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/RRA-sixth-update-Outbreak-of-novel-coronavirus-disease-2019-COVID-19.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1002/jmv.25727
https://onlinelibrary.wiley.com/doi/abs/10.1002/jmv.25727

(17]

(18]

medRxiv [Internet]. 2020 Mar 23. cited 2020 Apr
1;20034454. Available from: https://www.medrxiv.
org/content/10.1101/2020.03.17.20034454v1

Paules CI, Marston HD, Fauci AS. Coronavirus
infections-more than just the common cold. ] Am
Med Assoc. 2020;323:707-708.

Hofmann H, Pyrc K, Van Der Hoek L, et al. Human
coronavirus NL63 employs the severe acute respira-
tory syndrome coronavirus receptor for cellular entry.

(19]

(20]

INFECTION ECOLOGY & EPIDEMIOLOGY @ 5

Proc Natl Acad Sci U S A. 2005 May 31;102
(22):7988-7993.

Bende M, Barrow I, Heptonstall ], et al. Changes in human
nasal mucosa during experimental coronavirus common
colds. Acta Otolaryngol. 1989;107(3-4):262-269. .

Zhao R, Li M, Song H, et al. Serological diagnostic kit
of SARS-CoV-2 antibodies using CHO-expressed
full-length SARS-CoV-2 S1 proteins. medRxiv.
2020;27:20042184.


https://www.medrxiv.org/content/10.1101/2020.03.17.20034454v1
https://www.medrxiv.org/content/10.1101/2020.03.17.20034454v1

	Abstract
	Background
	Material and methods
	Serum samples
	COVID-19 IgG/IgM rapid test

	Results
	IgM and IgG reactivities in negative control samples
	IgM and IgGreactivities in healthy volunteers
	IgM and IgGreactivities in PCR-confirmed COVID-19 patients
	Assay sensitivity, specificity and accuracy

	Discussion
	Acknowledgments
	Disclosure statement
	Notes on contributors
	References



