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Abstract
Objectives: Assessment of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection prevalence
and immunity is cornerstones in the fight against CoViD-19
pandemic. For pandemic control, reliable assays for the
detection of anti-SARS-CoV-2 antibodies are required. This
pilot external quality assessment (EQA) scheme aimed to
independently assess the participants’ clinical performance of anti-SARS-CoV-2 testing, to identify shortcomings in clinical practice and to evaluate the suitability of the
scheme format.
Methods: The EQA scheme consisted of eight serum samples with variable reactivity against SARS-CoV-2 intended
for the analysis of anti-SARS-CoV-2 immunoglobulin (Ig)G,
IgA, and IgM antibodies. Laboratories reported: (1) results

Roman Wölfel and Michael Neumaier jointly supervised this work.
*Corresponding author: Dr. med. Verena Haselmann, MD, Department
of Clinical Chemistry, University Medical Center, Mannheim, Germany.
Phone: +49 621 383 2222, Fax: +49 621 383 3819,
E-mail: verena.haselmann@umm.de
Mustafa K. Özçürümez, Department of Laboratory Medicine of the
Medical Clinic at the University Medical Center
Knappschaftskrankenhaus Bochum, Ruhr University, Bochum,
Germany
Frank Klawonn, Biostatistics, Helmholtz Centre for Infection Research,
Braunschweig, Germany; Department of Computer Science, Ostfalia
University of Applied Sciences, Wolfenbuttel, Germany
Volker Ast, Catharina Gerhards, Romy Eichner, Victor Costina
and Michael Neumaier, Department of Clinical Chemistry, University
Medicine Mannheim, Medical Faculty Mannheim of the University of
Heidelberg, Mannheim, Germany
Gerhard Dobler and Roman Wölfel, Bundeswehr Institute of
Microbiology, Munich, Germany; German Center for Infection
Research (DZIF), Partner Site Munich, Munich, Germany
Wolf-Jochen Geilenkeuser, Reference-Institute for Bioanalytics,
German Society for Clinical Chemistry and Laboratory Medicine
(DGKL), Bonn, Germany

for each sample and the respective method, (2) raw data
from replicate testing of each sample.
Results: The 16 selected pilot EQA participants reported
294 interpreted results and 796 raw data results from
replicate testing. The overall error rate for the antiSARS-CoV-2 IgG, IgA, and IgM tests was 2.7, 6.9, and 16.7%,
respectively. While the overall diagnostic specificity was
rated as very high, sensitivity rates between 67 and 98%
indicate considerable quality differences between the
manufacturers, especially for IgA and IgM.
Conclusions: Even the results reported by the small
number of participants indicate a very heterogeneous
landscape of anti-SARS-CoV-2 serological testing. Differences of available tests and the individual performance of
laboratories result in a success rate of 57.1% with one
laboratory succeeding for all three antibody-classes. These
results are an incentive for laboratories to participate in
upcoming open EQA schemes that are needed to achieve a
harmonization of test results and to improve serological
testing.
Keywords: COVID-19; external quality assessment scheme;
proficiency testing; ring trial; SARS-CoV-2.

Introduction
Detection of SARS-CoV-2 virus infection or immunological
response is an integral part of the fight against the CoViD19 pandemic. In addition to behavioral and organizational
measures, reliable detection systems are particularly
needed for effective pandemic control.
Molecular and serological diagnostics of SARS-CoV-2
infections are no longer limited to reference laboratories
and a few highly specialized research institutions [1, 2], but
are offered by numerous laboratories for standard care.
Automated antibody test systems are particularly important for the determination of SARS-CoV-2 seroprevalence at
population level [3]. A second application, which is
important from a health economic perspective but not yet
scientiﬁcally fully validated, is the use of antibody testing
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to demonstrate immune protection or to check the vaccination effectiveness [4].
As immunoassays for detection of anti-SARS-CoV-2
immunoreactivity are gaining growing attention, the
number of commercially available SARS-CoV-2 antibody
tests is rapidly increasing [5, 6]. The diversity of these immunoassays using different viral components as ligandspeciﬁc binding reagents already implies a certain variability of results. Moreover, given the speed of industrial
development and the emergency use authorization (EUA),
validation requirements for new test systems had been
relaxed [7], resulting in a questionable quality of some
assays. Thus, the clinical accuracy and performance of
these tests systems are currently being elucidated in
several external validation studies [8–16].
However, to date, no reference material is available
and no external quality control by the mean of external
quality assessment (EQA) was available for quality assurance of anti-SARS-CoV-2 serological testing. EQA schemes
represent a key strategy for comparing analytical test performance among laboratories [17, 18], for obtaining a reliable estimation whether laboratory performance meets the
required proﬁciency standard for patient care [19], and for
helping to harmonize tests methods [17, 20] and to improve
the quality of serological testing [19–21].
In order to meet this demand, the Reference Institute
for Bioanalytics (RfB) conducted the first pilot EQA scheme
for detection of anti-SARS-CoV-2–specific antibodies in
characterized serum samples with the aim to (1) assess the
current quality level of laboratory-based SARS-CoV-2
antibody testing and (2) prepare the implementation of an
open EQA scheme.

Materials and methods
EQA design
The pilot EQA scheme was conducted by the RfB, a DIN EN ISO/IEC
17043:2010 accredited international EQA provider and initiated on
behalf of the CoViD-19 Task Force of the German Society for Clinical
Chemistry and Laboratory Medicine. Participation within this pilot
scheme was restricted to Task Force member institutions. The EQA
scheme consisted of eight serum samples from pseudonymized patients. Patients were recruited at University Medical Centre Mannheim,
Germany, as part of the Immunitor study [22]. The study was approved
by the Institutional Review Board, and informed written consent was
obtained from each subject.
Each laboratory received a 350 µL blind aliquot of each, characterized sample dedicated to detection of anti-SARS-CoV-2-IgG, antiSARS-CoV-2-IgA, and anti-SARS-CoV-2-IgM antibodies. The samples

were distributed to all participants at 4 °C on 24th of April 2020. The
transport temperature is in agreement with other EQA schemes offered
by the RfB and the current recommendations of the European Center
for Disease Prevention and Control (ECDC) [23]. Twenty-four hour
express delivery was chosen, which is a time frame described by
several manufacturers of anti-SARS-CoV-2 immunoassays as acceptable for storage at 4 °C [24, 25]. Each sample dispatch was accompanied by a covering letter giving basic instructions and a reporting
sheet. Participants were asked to use their regular routine procedures
for determination of the respective anti-SARS-CoV-2 antibodies.
Additionally, all participants were instructed to perform triplicate
testing, if feasible, provide their raw data for in-depth analyses and
report results within 5 days. A general report summarizing the statistics and ﬁnal results was sent to all participating laboratories, together
with a certiﬁcate for anti-SARS-CoV-2 serological testing for each Ig
class being analyzed correctly.

Preparation and characterization of EQA samples by the
reference institute
The EQA samples were prepared according to standard operation
procedures as described in the following.
After blood draw, serum samples were stored at ambient temperature for at least 1 h to allow appropriate clotting. Clotted samples
were centrifuged at 2,000 g for 10 min at 18 °C within 4 h after sample
collection, serum was pooled, aliquoted 350 µL and ﬁnally stored
at −80 °C. Aliquots of each sample were used for pre-characterization
by the RfB scheme organizer’s laboratories prior to sample dispatch.
At the scheme organizer’s laboratories, serological testing was
performed by two different commercially available immunoassay
including the anti-SARS-CoV-2 IgG and anti-SARS-CoV-2 IgA ELISA
(Euroimmun, Germany) as well as the EDITM Novel Coronavirus
COVID-19 IgG ELISA and EDITM Novel Coronavirus COVID-19 IgM
ELISA (Epitope Diagnostics). Both tests were validated according to inhouse quality management requirements and in agreement with the
ISO 15189. All sample stocks were analyzed in triplicates. Assays were
performed according to manufacturer’s instructions.
Additionally, for each sample, a virus micro-neutralization test
(VNT) was performed in a biosafety level 3 laboratory at the Bundeswehr Institute of Microbiology. In detail, serum samples were
heat-inactivated at 56 °C for 30 min. In 96-well plates, 50 µL double
serial dilutions, starting from 1:10 to 1:80, was mixed in duplicate
with the same volume of a virus stock solution containing 100
TCID50 of the SARS-CoV-2 strain 2019 MUC-IMB-1. The serum–virus
mixtures were incubated at 37 °C for 1 h. After incubation, 50 µL of a
Vero E6 cell suspension containing 2 × 105 cells per mL was added to
each well. The plates were incubated at 37 °C in a humidiﬁed atmosphere with 5% CO2 and examined under a microscope for signs
of CPE after 3 days. The CPE was made visible by staining with 0.1%
crystal violet solution containing 13% formalin. The titer of the
respective serum was the highest dilution that completely neutralized the challenge dose of SARS-CoV-2. In each run, positive and
negative patient serum were included as controls. The concentration
of the virus stock was also veriﬁed by back titration in each test
plate.
Results obtained for sample characterization by the scheme organizer’s laboratories are summarized Table 1.
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Table : Results of sample characterization by the reference institute.
VNT IgG (Euroimmune/Epitope) IgA
Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
Sample 

<:
:
:
<:
:
<:
:
<:

Negative/negative
Positive/positive
Positive/positive
Negative/negative
Positive/positive
Negative/negative
Positive/positive
Negative/negative

Negative
Positive
Negative
Negative
Positive
Negative
Positive
Negative

IgM

Clinical information

Negative
Positive
Negative
Negative
Positive
Negative
Positive
Negative

SARS-CoV- negative patient
SARS-CoV- positive patient, blood-draw  days after symptom onset
SARS-CoV- positive patient, blood-draw  days after symptom onset
SARS-CoV- negative patient
SARS-CoV- positive patient, blood-draw  days after symptom onset
SARS-CoV- negative patient
SARS-CoV- positive patient, blood-draw  days after symptom onset
SARS-CoV- negative patient

VNT, virus neutralization test.

Statistical analysis

Results

Results of data analysis are presented as descriptive statistics by
mean, 95% confidence interval (CI), and coefficient of variation (CV)
as appropriate. For determination of the error rate for anti-SARS-CoV2, antibody testing results reported for the respective antibody class
were considered, and for the method specific error rate, results obtained by laboratories using that particular method were included.
Individual estimates of standard deviations of the log values
based on three samples were corrected to be unbiased according to the
correction for normal distributions before averaging. The power of this
averaged standard deviation was then used as an estimated of the
relative standard error.
Bootstrap 95% confidence intervals for the relative standard error
were computed based on 10,000 bootstrap samples for all assays
together and also separately for the different assays.
In order to identify triplicates with significantly deviating standard deviations, a single sample χ2-test was applied to compare the
variance in each triplicate with overall estimate of the variance.
Bonferroni correction for multiple testing was applied to the p-values.
All statistical analyses were carried out using R version 4.0.0 using
the packages DescTools (R Foundation for Statistical Computing).

Participation
Samples were sent to 16 laboratories. About 15/16 (93.8%)
laboratories participated in this pilot EQA scheme by
submitting their results online, and 14/16 (87.5%) additionally provided their raw data obtained by replicate
testing. For evaluation within this manuscript, only results
from those 14 participants which submitted their raw data
were considered. All laboratories reported in detail on antiSARS-CoV-2 IgG testing; 10/14 (71.4%) reported in detail on
IgA and 5/14 (35.7%) on IgM. Total results submitted for
each of the three analytes (anti-SARS-CoV-2 IgG, IgA, and
IgM) and those considered for data evaluation might differ
from the absolute number of participants as laboratories
were allowed to submit results for different test systems.
Figure 1 provides an overview of EQA design and data
evaluation.

Figure 1: External quality assessment (EQA)
design and data evaluation. The flow diagram
displays the EQA design and the strategy for
data evaluation. Fourteen laboratories
returned a total of 194 interpreted results and
796 raw data results from replicate testing of
the eight different EQA samples provided.
The laboratories could choose to participate
in anti-SARS-CoV-2 IgG, IgA, and/or IgM
detection. The number of participating laboratories, the number of participation based
on reported results per test system, the
number of absolute results returned to the
EQA provider, and the number of results obtained by replicate testing of samples in the
participating laboratories is displayed for all
three analytes.
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Scope and methods
A total of 294 interpreted results were reported from the
eight different EQA samples provided, and 796 results from
replicate testing. For anti-SARS-CoV-2 IgG, a total of 168
interpreted/446 replicate testing results were submitted,
for anti-SARS-CoV-2 IgA, 87 interpreted/247 replicate
testing results, and for anti-SARS-CoV-2 IgM 39 interpreted/103 replicate testing results were returned. For
analysis of anti-SARS-CoV-2 IgG, 4/14 laboratories reported
results for two different test systems and 1/14 laboratory for
three different assays resulting in 20 overall results. About
1/10 and 1/5 laboratories reported results for two different
assay providers resulting in 11 and six overall results for
anti-SARS-CoV-2 IgA and IgM testing, respectively.
All laboratories used commercially available test systems for anti-SARS-CoV-2 antibody detection. IgG and IgA
assays from Euroimmun were applied most frequently (10/
20 for IgG and 10/11 for IgA), while for IgM testing the Novel
Coronavirus COVID-19 IgM ELISA from Epitope was used
by the majority of laboratories (Figure 2). Detailed information about the different kits used is provided in Supplementary Table 1.

Error rate
The overall proficiency was evaluated based on the
following two criteria: (1) participants had to report results
for all samples correctly and (2) borderline results for antiSARS-CoV-2 IgG and IgA were considered inappropriate
and for anti-SARS-CoV-2 IgM as conditionally correct if the
target value of the respective sample was positive. Detailed
information about the respective patient’s medical history
corresponding to each EQA sample is provided in Supplementary Data, results of sample characterization by the
scheme organizer are summarized in Table 1.
Table 2 provides an overview of the interpreted results
reported for each sample by the participants as well as the
results submitted from replicate testing. About 18/294 results were considered inaccurate resulting in an overall
error rate of 6.12%. Evaluation of results from replicate
testing demonstrated an overall error rate of 5.78% (46/
796). In total, 8/14 (57.1%) participants fulﬁlled above
mentioned requirements for successful participation.
Noteworthy, only one participant succeeded for all three
analytes, three participants for IgG and IgA testing.
For anti-SARS-CoV-2 IgG, a success rate of 80.0% (16/
20) was noted with 11/14 (78.6%) laboratories succeeding.
Evaluation revealed an error rate of 2.98% (5/168) for
interpreted results vs. 2.69% (12/446) for replicate testing.

Figure 2: Method-specific error rate for anti-SARS-CoV-2 antibody
detection. The different commercially available test systems used by
the participants are displayed in the pie chart for (A) anti-SARS-CoV2 IgG, (B) anti-SARS-CoV-2 IgA, and (C) anti-SARS-CoV2-IgM. For
each method, the number of wrong results compared to the total
number of results submitted is indicated. Additionally, separated by
a backslash, the number of wrong determinations compared to the
total number of results submitted from the replicate testing is
depicted for each method.

In detail, an error rate of 0% (0/84) was evaluated for the
four negative samples and of 5.95% (5/84) for the four
positive samples. Here, false-negative results were reported for sample 2 (VNT 1:20) and 3 (VNT 1:80). Depending
on the test system used, 4/80 false results were noted for
anti-SARS-CoV-2 IgG ELISA (Euroimmun) and 1/8 for
NovaLisa SARS-CoV-2 IgG (Nova Tec) (Figure 2). The CV of
laboratories using the Euroimmun test succeeding was
lower compared to the CV determined for participants that
failed. When assessing the overall and assay-speciﬁc
variability for anti-SARS-CoV-2 IgG, no differences between the various methods used became obvious (Figure 3,
Table 3). Although it was not possible to calculate the intra-
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Table : Results of anti-SARS-CoV- antibody detection.
IgG

Target value

Results submitted to RfB
Positive

Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
IgA

Negative
Positive
Positive
Negative
Positive
Negative
Positive
Negative
Target value

Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
IgM

Negative
Positive
Negative
Negative
Positive
Negative
Positive
Negative
Target value

Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
Sample 

Negative
Positive
Negative
Negative
Positive
Negative
Positive
Negative

Borderline

Negative

















Results submitted to RfB
Positive
Borderline
















Results submitted to RfB
Positive
Borderline

























Negative








Negative









Results of replicate testing
Positive

Borderline

Negative

















Results of replicate testing
Positive
Borderline
















Results of replicate testing
Positive
Borderline

























Negative








Negative









RfB, Reference Institute for Bioanalytics.

and inter-laboratory variability due to the limited number
of participants, comparing the standard deviation of single
samples with the overall variance revealed statistically
signiﬁcant differences. Here, the variability of one laboratory (participant #7) was signiﬁcantly higher for all positive
samples compared to the peer (p<0.05).
For anti-SARS-CoV-2 IgA, a success rate of 72.7% (8/
11) was obtained with 8/10 (80.0%) laboratories passing.
In detail, an error rate of 6.90% (6/87) for absolute results
vs. 8.1% (20/247) for replicate testing was seen. 1.9% (1/
53) false-positive results and 15.2% (5/33) false-negative
results were observed. 4/5 false-negative results were reported for sample 2. Importantly, the Nova Lisa
SARS-CoV-2 (COVID-19) IgA (Nova Tec) classified all three
positive samples falsely as negative (Figure 2). Figure 3
demonstrates that the analytical variability of antiSARS-CoV-2 IgA testing was high with some major outliers. Comparable to the results for IgG testing, participant
#7 had a signiﬁcant higher variability compared to the
mean (p<0.05).

For anti-SARS-CoV-2 IgM, a success rate of 16.7% (1/6)
was noted with 1/5 (20.0%) laboratories succeeding. An
error rate of 16.7% (8/48) for absolute results vs. 15.6% (20/
128) for replicated testing was evaluated. Overall, 3.0% (1/
30) results were false positive and 38.9% (7/18) false
negative if borderline results were considered positive. For
the assay from Epitope, results between participants
diverged substantially with a total of 5/9 (55.6%) falsenegative results reported. The GA Generic Assay yielded 1/4
(25%) and the kit from Nova Tec 1/3 (33.3%) false-negative
results (Figure 2). The analytical variability of all assays
was comparable (Figure 3).

Evaluation of test performance
Table 4 provides an overview of the allocation of the reported results to the target values for anti-SARS-CoV-2 IgG,
IgA, and IgM testing for each of the different assays.
Additionally, diagnostic sensitivity and speciﬁcity with the
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sample. Results are displayed separately for (A) anti-SARS-CoV-2
IgG, (B) anti-SARS-CoV-2 IgA, and (C) anti-SARS-CoV2-IgM.

Table : Evaluation of the method-speciﬁc variability of antiSARS-CoV- antibody detection.
Manufacturer

IgG TOTAL
DiaSorin
Epitope
Euroimmun
GA Generic
Assays
Mikrogen
Nova Tec
Roche
IgA TOTAL
Euroimmun
Nova Tec
IgM TOTAL
Epitope
GA Generic
Assays
Nova Tec –
NovaLisa

Relative
SD

Lower
Upper
limit limit %
% CI
CI

Number of
samples, n

.
.
.
.
.

.
.
.
.
.

.
.
.
.
.







.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.











.

.

.



CI, confidence interval; SD, standard deviation.

respective 95% CI (conﬁdence interval) were calculated. In
total, IgG tests yielded a diagnostic speciﬁcity of 100%
(95% CI 98–100%) and a sensitivity 98% (95% CI 95–
99.5%). Although a speciﬁcity of 100% was achieved for all
assays included, due to the limited number of results
submitted the estimated 95% CI ranged from 74 to 100%.
Anti-SARS-CoV-2 IgA revealed a comparable diagnostic
speciﬁcity, while the sensitivity was lower compared to IgG
analysis. Low diagnostic sensitivity (67%, 95% CI 48–84%)
was revealed for anti-SARS-CoV-2 IgM detection with a
moderate speciﬁcity (96%, 95% CI 89–98%).

Discussion

Figure 3: Analytical variability of anti-SARS-CoV-2 antibody detection. For each of the different test systems used by the participating
laboratories, the log of the measured value (y-axis) is plotted
against the mean of all measured values (x-axis) for each positive

To make a significant contribution to the management and
containment of SARS-CoV-2 pandemic, reproducibility and
reliability of serologic test results are of particular importance. This can be achieved through quality assurance by
means of internal and external quality control [26]. EQA
schemes are particular important to assess the diagnostic
performance of individual laboratories, to harmonize
different test methods and to improve the overall quality
[17, 19, 20]. Here, we present the results of the ﬁrst pilot EQA
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Table : Evaluation of test performance for anti-SARS-CoV- antibody detection.
IgG

True positive, n

False negative, n

True negative, n

False positive, n

Sensitivity (% CI)

Specificity (% CI)

Epitope Diagnostics
Euroimmun
Roche
Mikrogen
GA Generic Assay
Nova Tec
DiaSorin
Total
IgA
Euroimmun
Nova Tec
Total
IgM
Epitope Diagnostics
GA Generic Assay
Nova Tec
Total









True positive, n



True positive, n













False negative, n



False negative, n













True negative, n



True negative, n













False positive, n



False positive, n





. (., .)
. (., .)
. (., .)
. (., .)
. (., .)
. (., .)
. (., .)
. (., .)
Sensitivity (% CI)
. (., .)
. (., .)
. (., .)
Sensitivity (% CI)
. (., .)
. (., .)
. (., .)
. (., .)

. (., .)
. (., .)
. (., .)
. (., .)
. (., .)
. (., .)
. (., .)
. (., .)
Speciﬁcity (% CI)
. (., .)
. (., .)
. (., .)
Speciﬁcity (% CI)
. (., .)
. (., .
. (., .)
. (., .)

scheme on SARS-CoV-2 serological testing. As of August 1st
2020, this is the ﬁrst study publishing ofﬁcial EQA results
on this topic.
Within this scheme, the 14 participating laboratories
providing detailed information reported the use of immunoassays from seven different manufacturers. This indicates a heterogeneous landscape of anti-SARS-CoV-2
serological testing in clinical practice. Interestingly, two
participants used the Roche Elecsys anti-SARS-CoV-2 test,
which had not been officially launched on time of sample
dispatch, but has since been externally validated in several
studies [12–14]. It has to be mentioned that results reported
for the Roche assay were only considered for IgG as the test
does not differentiate between antibody classes [13, 25].
Results of all immunoassays used by the participating
laboratories are reported qualitatively and even raw data
was not reported as titer. Thus, tests in clinical routine
seem to be not validated for evaluation of seroconversion
defined as class-switch from IgM to IgG or a fourfold or
more increased IgG titer. Such evaluation has been recommended by WHO for MERS-CoV and its suitability for
the diagnosis of CoViD-19 is currently subject of research
[27]. The presence of a speciﬁc seroconversion is rather
accomplished by skipping the gray zone. Interestingly, two
manufacturers (Roche, DiaSorin) do not deﬁne such gray
area. However, no inﬂuence on the success rate was
revealed in this EQA scheme.
In total, the results of this first pilot EQA already
indicate a good diagnostic performance of the participating
laboratories. This is especially true when considering the
short time period since commercial serological tests for

SARS-CoV-2 diagnostics are available. However, detailed
analysis points to further improvement potential.
For IgG antibody detection, the highest number of
participants and different test systems was demonstrated.
Overall, the results showed that the detection of IgG levels
is robust in terms of both concordance rate and accuracy.
Deviating from regular EQA schemes, all laboratories were
asked to perform a triple determination facilitating an estimate of the inaccuracy of the assays. Triplicate measurements of all analyzed samples revealed an intra-assay
variation (CV%) below 20% in 95% of all positive samples.
The analytical variability of anti-SARS-CoV-2 IgG testing
between different methods did not differ substantially.
This indicates that harmonization of test results from
different providers could be achieved by optimizing cutoffs, as recently supposed by Plebani et al. and others [14,
28–30]. Interestingly, some results reported by laboratories
using the same commercial test system differed substantially. This could be explained by manual test processing,
various applied spectrophotometers or by pre-analytical or
analytical errors. The signiﬁcant deviation of the variance
of a single laboratory from the peer demonstrates a high
intra-laboratory variability, which resulted in different
qualitative results and thus a clinical performance below
average. This illustrates the value of EQAs for a single
laboratory, but also that the results provide valuable information for others as revealing the need for replicate
testing of clinical specimens to reliably detect antiSARS-CoV-2 antibodies.
Including the remaining data for the antibody classes
IgA and IgM, there is a significant decrease in overall
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concordance rates from 97.3% (434/446) for IgG, to 91.9%
(227/247) for IgA, and to 84.3% (108/128) for IgM. Noteworthy, the analytical variance diverged substantially for
IgA. Hence, IgA testing might currently not be suitable for
standard care. For determination of IgM, assays from three
different providers were used. For the three positive EQA
samples, an error rate of 7/18 (38.9%) was noticed. In
contrast, only for one sample without neutralizing activity
an inconclusive result with values within the gray zone was
reported. Similar to SARS-CoV [31, 32], the immune
response against SARS-CoV-2 does not seem to follow the
general rule that IgM antibodies usually occur before IgG
[2, 27, 33, 34]. Several studies have investigated the detection and time-dependent course of IgA, IgM, and IgG antibodies in SARS-CoV-2 infections [9, 29, 35–37]. Their
results indicate that certain methodological peculiarities
must be considered for IgM detection, which may also
explain the comparatively low concordance rate in our
EQA scheme.
The determination of imprecision within this study
showed substantial differences between antibody classes
with the lowest coefficient of variation for IgG. In particular, there was no obvious correlation between neutralizing antibody titers and measurement signals. For
instance, sample 5 (VNT 1:40) yielded the highest signals in
several IgG assays (Euroimmun, DiaSorin, GA Generic). All
three assays use epitopes of the spike-antigen, which is
considered the main target for antibody-mediated virus
neutralization in coronaviruses [38, 39]. However, sample
ﬁve provided the highest measurement signals in almost
all other assays regardless of the antigen used. Also independent of the respective antigen used, the signal intensities for samples 3 (VNT 1:80) and 7 (VNT 1:20) were
comparable. Even if these aspects go beyond the actual
scope of our study, the question must be asked to what
extent the currently available antibody tests indicate the
presence of a protective immunity.
To estimate test performance, we determined diagnostic sensitivity and specificity for all three analytes
included in this scheme. The results revealed a sensitivity
of 98, 88, 67% and specificity of 100, 100, 96% for antiSARS-CoV-2 IgG, IgM, and IgA detection. In principle, results on specificity are comparable between different kits
and are consistent with the data provided by the manufacturers [6]. However, the number of samples provided, in
particular samples prone to test interferences in immunoassays, is too small to adequately assess diagnostic speciﬁcity. In terms of diagnostic sensitivity, the EQA results are
below manufacturer’s speciﬁcations. This might be
explained by the fact that samples from patients with oligosymptomatic or subclinical infection in whom the IgG

immune response is reported to be partly moderate were
included [40]. For instance, the neutralizing antibody titer
of 1:20 for sample 2 was low, which caused false-negative
results for IgG. Thus, further schemes are warranted using
serial dilutions to stress analytical test sensitivity.
A major limitation of this pilot EQA is the limited
number of participants. Nevertheless, the results are
already indicating a heterogeneous landscape of antiSARS-CoV-2 serological testing, and revealing differences
between detection of the different antibody classes, test
systems and individual performance of laboratories. Thus,
this pilot is an incentive for participation in upcoming
inter-European or international EQA schemes.
Another limitation of this pilot EQA scheme could
result from restriction of participation to CoViD-19 Task
Force member institutions, which are either university
hospitals or accredited laboratories ensuring high level of
laboratory diagnostic quality. Thus, further open EQA
schemes will be necessary to clarify whether comparable
results can be achieved on a broader level.
In summary, 14 laboratories reported the use of
commercially available test systems for anti-SARS-CoV-2
antibody detection from seven different providers based on
three different methodological approaches. Manual test
procedures further enhanced variations of test results,
clearly demonstrating the lack of harmonization that is
needed to ensure quality of serological testing [17, 20, 28].
These results are in line with those reported from former
pilot schemes [41, 42]. Before anti-SARS-CoV-2 serological
testing can be applied for clinical decision-making, for
estimation of seroprevalence on population level or to
adopt restriction regulations to current demands, an optimization and harmonization of tests is urgently required.
For the ﬁrst time, this pilot EQA scheme revealed objectiﬁable differences between testing modalities and Ig classes. This can help laboratories to become aware of intralaboratory and assay-speciﬁc shortcomings as a prerequisite for an optimized diagnostic. From the point of view of
an EQA provider, results obtained demonstrate the feasibility of the EQA design and will allow us to open this
scheme on an international level.
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