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ARTICLE INFO ABSTRACT

Keywords: Background: Serological assays for the determination of the immune status of patients that have tested positive
SARS-CoV-2 for infection with SARS-CoV-2 by RT-PCR are required for, e.g., contact tracing and epidemiological studies.
COVID-19 However, data concerning the performance parameters of commercially available high-throughput ELISA tests
E:;LS:O ¢ care are still not available on a large scale.

Immunoglobulin Study design: In our study, we have evaluated an in-house developed ELISA for the detection of the immuno-
Evaluation globulin classes A, G and M directed against the full-length spike glycoprotein from SARS-CoV-2. For this

analysis, we have included 110 sera from patients presenting with COVID-19 symptoms or blood donors without
symptoms collected at the Austrian Red Cross, Blood Transfusion Service for Upper Austria, Linz. In addition, we
have selected four commercially available IgG-based ELISAs as well as one IgA/IgG-based ELISA for the detection
of SARS-CoV-2 antigens as well as a multiplexed IgG-based micro-ELISA assay developed for rapid Point of Care
testing applications.

Conclusions: All assays evaluated in the course of this study demonstrated suitable sensitivity and specificity
values for the identification of patients that have experienced a past infection with SARS-CoV-2. However, testing
for the presence of additional immunoglobulins (IgA and IgM) as well as using combinations of different viral
antigens is highly advised to improve the predictive values of serological assays.

1. Background

SARS-CoV-2 belongs to the group of beta-coronaviruses and repre-
sents the causative agent for coronavirus disease 2019 (COVID-19), an
acute respiratory disease that emerged in the Chinese province of
Wuhan in December 2019 and has since rapidly spread leading to an
ongoing pandemic [1,2]. The gold standard to diagnose an infection
with SARS-CoV-2 is reverse transcriptase polymerase chain reaction
(RT-PCR) allowing for the identification of asymptomatic carriers as
well as patients with an acute infection [3]. While this represents an
extremely important step that facilitates curbing the actual spread of the
infection, the identification of patients with past episodes of COVID-19
is another cornerstone contributing to the successful handling of the
ongoing pandemic and is an area of intensive research [4-6]. This is
especially important in light of the fact that patients that have recovered
from a previous SARS-CoV-2 infection might harbor immunoglobulins
that could protect them from future infections with this virus, opening

also the possibility of using convalescent plasma as a treatment option
for COVID-19 patients [7,8]. Additional aspects during the management
of pandemic situations also depend on the information of reliably
identifying individuals recovered from COVID-19. Examples include the
assessment of herd immunity, strategies to protect vulnerable groups
like elderly or people with medical preconditions, or even for pharma-
cological questions like characterizing antibodies specific for viral an-
tigens exhibiting neutralizing effects that could be used for designing
and developing vaccines [9,10].

This study characterizes the basic performance parameters for an in-
house developed ELISA and compares it with five commercially available
assays as well as a recently launched microfluidic-chip based, multi-
plexed micro-ELISA assay designed for rapid Point of Care (POC) testing
applications. For this analysis, we have included 110 sera from patients
and regular blood donors that presented with or without COVID-19
symptoms collected at the Austrian Red Cross, Blood Transfusion Ser-
vice for Upper Austria, Linz.
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2. Materials and methods
2.1. Serum samples

110 serum samples from patients presenting with COVID-19 symp-
toms or blood donors without symptoms have been collected at the
Austrian Red Cross, Blood Transfusion Service Upper Austria, Linz and
written consent was obtained at the time of donation to use sample
material also for research purposes (54 male participants with a median
age of 44,11 years and 56 female participants with a median age of
43,04 years). Sera of patients with a positive SARS-CoV-2 RT-PCR test
result were collected at least 3 week post recovery to ensure enough time
to develop a proper immune response. In addition, samples from regular
blood donors without the classical COVID-19 symptoms have been ob-
tained to assess possible cross-reactive events that could eventually lead
to false positive results. Since there have also been reports on the
presence of SARS-CoV-2 RNA in blood and serum samples obtained from
infected patients [11], heat inactivation of the samples in this study has
been performed at 56 °C for 30 min prior to analysis to minimize any
residual risk for the laboratory personnel. No heat denaturation was
done for the samples used for the Epitope diagnostics and the Abbott
Architect ELISA analyses.

2.2. Immunoassay platforms

We have evaluated an in-house developed ELISA (Division of Patho-
physiology, Linz, Austria) that allows for the detection of immuno-
globulin classes A, G and M directed against the full-length spike
glycoprotein of SARS-CoV-2 (NAC-REC31828; The Native Antigen
Company, Kidlington, Oxford, United Kingdom). Additional assay
components have been purchased from Merck KGaA, Darmstadt, Ger-
many (e.g., HRP-labeled anti-immunoglobulin antibodies A0295,
A0170, A6907 and TMB detection reagent ES001). For the in-house
ELISA, the Limit-of Detection (LoD) for the individual immunoglobulin
classes was determined as ODys¢ arbitrary units (A.U.). We have
calculated the ratio of the mean of the absorption of the specific signals
versus blank controls measured at 450 nanometers for 20 negative
samples and added 3 times the standard deviation of the mean to set the
LoD for the individual immunoglobulin classes.

Samples were also analyzed with the following commercially avail-
able immunoassay platforms according to manufacturer’s instructions:
anti-SARS-CoV-2 ELISA IgG/IgA (www.euroimmun.de, Euroimmun AG,
Germany), the EDI new Coronavirus COVID-19 IgG ELISA (www.epito
pediagnostics.com, Epitope diagnostics Inc., USA), the Vircell COVID-
19 ELISA IgG (en.vircell.com, Vircell Spain S.L.U., Spain), recomWell
SARS-CoV-2 IgG (www.mikrogen.de, Mikrogen GmbH, Germany) and
the SARS-CoV-2 IgG ELISA (www.abbott.com, Abbott GmbH, Germany).
In addition, we have also included a microfluidic chip based multiplexed
micro-ELISA platform for POC testing to detect IgG antibodies against
SARS-CoV-2 antigens in this study (www.genspeed-biotech.com, Gen-
speed Biotech GmbH, Austria). This assay is currently in the process of
final certification and will eventually allow for single sample analysis
including discrimination of different viral antigens within approxi-
mately 15 min. In Table 1 the specifications of the respective ELISA kits
in terms of immunoglobulin classes used for detection of virus-specific
antibodies and the respective SARS-CoV-2 antigens are summarized.

3. Results

For diagnostic tests, the determination of the parameters sensitivity
and specificity are usually obtained by comparison with a so-called "gold
standard" assay. Since such a clear-cut standard diagnostic test for the
characterization of SARS-CoV-2-specific antibodies is still lacking, the
evaluation of performance parameters remains challenging. In analogy
to previous studies [12,13] we have therefore defined the immuno-
globulin status of the 110 patient sera used in this evaluation as follows:
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Serum was regarded as SARS-CoV-2 positive if at least three out of five of
the commercially available assays yielded a positive IgG signal for the
respective sample (Epitope diagnostics, Abbott Architect, Euroimmun,
Vircell, Mikrogen).

When applying these criteria we have designated 51 patient samples
as positive, and 59 samples as negative based on the presence of IgG
antibodies, respectively. Subsequently, we have tested the serum sam-
ples in parallel for the presence of immunoglobulins specific for the
respective SARS-CoV-2 antigens according to instructions of the assay
manufacturers (see also Table 1).

To estimate a potential diagnostic benefit that might arise through
the detection of additional immunoglobulin classes directed against
SARS-CoV-2 antigens, we had to expand the immunoglobulin status of
the serum samples used in this study for a second analysis. For example,
if both assays that detect the presence of IgA turned out positive
(Euroimmun, in-house ELISA) in absence of a detectable IgG-signal, the
patient sample was also regarded positive. In addition, if IgM was
detected by the in-house ELISA in the absence of other immunoglobulin
classes, the sample was also regarded positive.

For the assays that utilize only IgG to determine an induced immune
response to SARS-CoV-2 antigens (Epitope diagnostics, Abbott Archi-
tect, Vircell, Mikrogen, Genspeed), we achieved sensitivity values of 98,
94, 98, 100 and 100 %, respectively. The according specificity values
that we have obtained were 78, 100, 83, 97 and 93 %. A summary of the
sensitivity and specificity values obtained during the course of this study
can be found in Table 2.

The Euroimmun ELISA that we have used offers two immunoglobulin
classes for antigen detection (IgA and IgG). When only considering the
results of the IgG-based detection, sensitivity and specificity values of 92
and 98 % could be achieved. When IgA detection was included in the
course of the analysis, these values for the Euroimmun ELISA increased
to 96 and 98 %, respectively. With our in-house ELISA we have the
capability to detect all three immunoglobulin classes for SARS-CoV-2
antigen detection in parallel (IgA, IgG and IgM). Again, for reason of
comparability we have made a first analysis also based solely on IgG-
detection and obtained sensitivity and specificity values of 96 and 93
%. Naturally, these performance parameters increased for the in-house
ELISA when we also included the detection of the additional immuno-
globulins to 97 and 96 %, respectively. The data including the results
obtained by using additional immunoglobulin classes for the Euro-
immun and the in-house ELISA are summarized in Table 3. However, one
has to bear in mind that a diagnostic question aiming at the detection of
all immunoglobulin classes in a patient’s serum would inevitably lead to
a decrease of the performance parameters of the commercial assays
solely based on IgG-detection.

Table 1
Assay Immunoglobulin Antigens used
Manufacturer classes detected
Epitope IgG Recombinant full length
diagnostics nucleocapsid protein
Inc.
Abbott Architect IgG Recombinant full length
nucleocapsid protein
Euroimmun AG IgA  IgG S1-Domain of Spike protein
including receptor-binding
domain
Vircell S.L.U. 18G Recombinant antigens from
Spike glycoprotein and
nucleocapsid protein
Mikrogen GmbH 18G Recombinant full length
nucleocapsid protein
in-house ELISA IgA IgG IgM Full length spike glycoprotein
Genspeed 1gG Receptor Binding Domain / Full
Biotech length spike glycoprotein /

Nucleoprotein

Characteristics of different SARS-CoV-2 assays used in this study.
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Table 2
Assay Manufacturer True positive False positive True negative False negative Sensitivity Specificity
Epitope diagnostics Inc. 50 13 46 1 0,98 0,78
Abbott Architect 48 0 59 3 0,94 1,00
Euroimmun AG 47 1 58 4 0,92 0,98
Vircell S.L.U. 50 10 49 1 0,98 0,83
Mikrogen GmbH 51 2 57 0 1,00 0,97
in-house ELISA 49 4 55 2 0,96 0,93
Genspeed Biotech 51 4 55 0 1,00 0,93

Sensitivity and specificity values for SARS-CoV-2 assays based on the detection of IgG.

Table 3
Assay Manufacturer True positive False positive True negative False negative Sensitivity Specificity
Euroimmun AG 50 1 57 2 0,96 0,98
in-house ELISA 57 2 49 2 0,97 0,96

Sensitivity and specificity values for SARS-CoV-2 assays utilizing the detection of IgA / IgG (Euroimmun AG) and IgA / IgG / IgM (in-house ELISA).

Another observation that we have made is that in 5 samples analyzed
with the Genspeed assay, antibodies exclusively to either the nucleo-
capsid protein (3 samples) or the full length spike glycoprotein (2
samples) have been detected. This raises the possibility, that a patient is
developing an immune response that might very well differ substantially
between individuals and assays detecting only a single antigen could
lack diagnostic sensitivity. Therefore, the utilization of additional anti-
gens in parallel for COVID-19 detection is another feature that we would
certainly encourage for future testing regimes [10,14].

In Fig. 1 the data obtained from the serum samples analyzed with the
in-house ELISA for all three immunoglobulin classes is summarized. For
each sample, the measured signal intensities with values higher than the
LoD threshold are plotted on the Y-axis. As clearly visible, the prominent
immune response is usually provided by IgG followed by IgM class an-
tibodies. IgA antibodies represent only a minor fraction in this respect.
In most cases, we have detected multiple immunoglobulin classes in the
samples identified as positive in the course of this study. In 14 samples

160
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we demonstrated the presence of only one immunoglobulin class (8 IgG,
6 IgM). In 16 samples we detected the expression of two immunoglob-
ulin classes in parallel (2 IgA/IgG, 14 IgG/IgM), and in the majority of
the samples (i.e. 29) all three immunoglobulin classes (IgA/IgG/IgM)
were present.

The distribution of the signal intensities of the immunoglobulin data
as obtained with our in-house ELISA test is shown as a boxplot diagram in
Fig. 2. The number of samples for analysis and the respective median
values are IgA = 31 (8,41), IgG = 53 (23,6) and IgM = 49 (15,92) [15].
While antibodies of the IgA class represent only a minor fraction found
in the patient samples analyzed in our study, IgG and IgM antibodies are
predominant, although at highly varying concentrations.

4. Discussion

Especially in the face of an ongoing pandemic, the rapid develop-
ment and production of diagnostic kits and devices is a matter of highest

migM
OlgG
HIgA

Samples detected positive

Fig. 1. Signal intensities for immunoglobulin classes A, G and M as obtained with the in-house ELISA. Samples designated false positive according to the criteria
described in the Results section are indicated with an asterisk (*). Samples that are lacking detectable IgG antibodies and tested positive for IgM with our in-house

ELISA are labeled with an arrow (1).
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Fig. 2. Distribution of the signal intensities of the immunoglobulin data as
obtained with the in-house ELISA. The box indicates the interquartile range
(IQR), the whiskers the range of values that are within 1.5x IQR and the hor-
izontal lines indicate the respective median.

importance. It usually requires about 1-2 weeks before immunoglobu-
lins specific for SARS-CoV-2 antigens can be detected in the circulation
of a patient after the first viral particles have been encountered by the
immune system. The initial immunoglobulins produced during an im-
mune response consist mainly of IgM molecules, whereas IgG antibodies
determine the SARS-CoV-2 seroprevalence in the general population (i.
e. the long lasting immuno-reactivity usually attributed to herd immu-
nity). Recently published studies indicate that the majority of patients
exhibit seroconversion approximately 2-3 weeks after first symptoms
were observed and that IgM was shown to decline already about 4 weeks
after onset of symptoms whereas IgG levels remained elevated for at
least several weeks [16-18].

The aim of this study was to evaluate the performance of an in-house
ELISA designed to detect all three immunoglobulin classes (i.e., IgA, IgG
and IgM) with the underlying idea to utilize also the early immunore-
active response to an SARS-CoV-2 infection for diagnostic purposes. We
have compared our test to five commercially available serological as-
says for SARS-CoV-2 as well as a rapid test based on a microfluidic-chip
setup. Comparable results were obtained for the commercial assays only
detecting IgG. However, the detection of IgM antibodies in case of the
in-house ELISA allowed for the identification of six additional samples
solely positive for the presence of IgM that would have been missed
otherwise.

In conclusion, the SARS-CoV-2 serological assays evaluated in the
course of this study demonstrated sufficient sensitivity and specificity
values for a robust identification of individuals with a previous SARS-
CoV-2 infection. However, we have demonstrated that relying only on
the detection of the IgG antibody titer for diagnostic purposes led to false
negative results in several cases, most likely with samples obtained
during the rather early phases of an immune response. We have shown,
that the inclusion of additional immunoglobulin classes further in-
creases the assay sensitivity and should be considered a valuable asset
during the selection process of a diagnostic assay, a notion also argued
already by others [19,20]. In addition, also the parallel analysis of more
than one SARS-CoV-2 antigen for serological characterization — as
demonstrated by the Genspeed COVID-19 assay — might proof beneficial
for increasing diagnostic performance.
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