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A B S T R A C T

Objectives: This study was aimed at providing some insights into the real-life performance of the
commercial, clinically validated anti-SARS-CoV-2 antibody assays.
Methods: The residual, anonymized samples from 97 patients referred for anti-SARS-CoV-2 anti-
bodies testing were included in the study. The initial assessment was performed with the Euro-
immun ELISAs, followed by the assays provided by: NovaTec, Snibe, Vircell, Roche, Abbott and
DiaSorin. The analyses of the results were performed separately for the antibodies of the early
(IgM/IgA) and late (IgG) immune response.
Results:We observed a high variability of the results obtained with the investigated immunoassays.
The fully concordant results were reported for only 57 out of 97 samples tested for IgG antibodies
and for 34 out of 97 samples for IgM/IgA. The highest percentage of positive results was noted for
the Euroimmun and Vircell ELISAs and the lowest for Novatec ELISAs.
We proposed to distinguish true and false positive results based on the sum of positive results
obtained with different methods. We arbitrarily considered reference positive samples reactive in
at least half of the assays. The assay that proved to correlate the best with those reference results
was the Roche electrochemiluminescence immunoassay.
Conclusions: The differences observed between immunoassays targeting the early phase antibodies
were much more pronounced than between IgG assays, suggesting their lower value for clinical
use. Our study also showed a high percentage of plausibly false (positive or negative) results
obtained with ELISAs, which suggests their inferiority to the automated immunoassays.
1. Introduction

The SARS-CoV-2 pandemic announced by WHO on March 11, 2020 took 1 million lives worldwide by the end of September 2020
[1]. The long-term complications of the disease and the outcomes of other conditions not being properly treated have been recognized.
Therefore, medical devices designed to prevent, treat and properly diagnose SARS-CoV-2 infection are needed.

Although there is no doubt on RT-PCR being the reference method for SARS-CoV-2 infection diagnosis, some limitations of this type
of testing, as well as the need for diagnosing the late-phase or past infection, urged the development of serological kits for detecting anti-
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SARS-CoV-2 antibodies [2]. These may also be useful in the future studies on vaccines efficacy, immunity assessment and in conva-
lescent plasma treatment [3].

Initial approach of the producers was towards the development of the rapid immunochromatography tests, detecting qualitatively
anti-SARS-CoV-2 IgM and IgG antibodies. As the feedback from the scientists and the medical community on the accuracy of these tests
was not fully optimistic [4–6], and simultaneously the demand for the serological testing on the market grew, the attention was shifted
towards better validated, automated, high through-put systems for semi-quantitative or quantitative assessment of the anti-SARS-CoV-2
antibodies. Currently there are dozens of immunoassays available.

As an aid in choosing the appropriate test, the laboratories may compare the results obtained with different methods. Since there is
no reference antibody test available for SARS-CoV-2, our study was designed to provide a comparison between seven widely available
automated or semi-automated immunoassays, to establish whether there is a relationship between their results and to attempt to
indicate the methods that seem to be the most accurate.

2. Material and methods

2.1. Patients and serum samples

This study included residual sera from patients who had been referred to the central laboratory of Poland-wide network of medical
laboratories, Diagnostyka for anti-SARS-CoV-2 assessment. The samples were tested with the Euroimmun Anti-SARS-CoV-2 ELISA IgG
and IgA assays and based on the results 97 samples were chosen to cover all the possible constellations of antibody classes results (36%
IgA-IgG-; 23% IgA þ IgG-; 31% IgA þ IgGþ; 10% IgA-IgGþ). The samples were anonymized, aliquoted and stored frozen prior to the
further testing with the other investigated methods.

The comparison was performed separately for the results obtained for antibody classes related to the early humoral response (IgA or
IgM) and to the late response (IgG). The former included methods provided by: Euroimmun, NovaTec, Snibe, Vircell and Roche, and the
latter tests manufactured by Euroimmun, NovaTec, Snibe, Vircell, Abbott, DiaSorin and Roche.
2.2. Serological assays

All the investigated methods were performed strictly to the manufacturers’ instructions.
The Euroimmun’s anti-SARS-CoV-2 IgG and IgA kits (Euroimmun, Germany) are enzyme-linked immunosorbent assays (ELISAs) and

were performed on a fully-automated ELISA system EuroLabWorkstation 45. The Euroimmun’s ELISAs provide a semiquantitative
determination of IgA and IgG antibodies against the SARS-CoV-2 S1 antigen. The results are reported as a ratio of the extinctions of
samples over the calibrator. The ratio interpretation is as follows: <0.8 ¼ negative, �0.8 to <1.1 ¼ borderline, �1.1 ¼ positive. The
borderline Euroimmun’s results were not included in this study.

The NovaTec’s NovaLisa® SARS-CoV-2 IgA, IgM and IgG ELISA kits (NovaTec Immundiagnostica GmbH, Germany) were performed
on a fully-automated ELISA system ETI-MAX 3000 (STRATEC Biomedical Systems AG, Germany). These ELISAs are intended for the
qualitative determination of IgA, IgM and IgG class antibodies against SARS-CoV-2 N protein [7]. The results are expressed in NTU
(NovaTec Units) and are calculated as a ratio of sample and cut-off control absorbances. The ratio interpretation is as follows: <9 –

negative, 9–11 – equivocal, >11 – positive.
The Vircell’s COVID-19 IgG and IgM þ IgA ELISA kits (Vircell, S.L., Spain) were performed on a fully-automated ELISA system ETI-

MAX 3000 (STRATEC Biomedical Systems AG, Germany). These COVID-19 ELISAs are intended for the semiquantitative determination
of IgMþ IgA and IgG class antibodies against both spike (S) and nucleocapsid (N) SARS-CoV-2 proteins [8]. The results are expressed as
indices, calculated as a ratio of sample and cut-off control optical densities. The ratio interpretation for IgM þ IgA is as follows: <6 –

negative, 6–8 – equivocal, >8 – positive; and for IgG: <4 – negative, 4–6 – equivocal, >6 – positive.
The MAGLUMI 2019-nCoV IgM and IgG assays (Snibe Diagnostic, China) are chemiluminescence immunoassays (CLIAs) and were

performed onMAGLUMI 800 analyzer (Snibe Diagnostic, China). The assays provide qualitative assessment of anti-SARS-CoV-2 IgM and
IgG. The antibodies detected in these assays are directed against both S and N antigens [9]. The results are expressed as AU/ml and the
thresholds of positivity are 1.0 AU/mL for IgM and 1.1 AU/mL for IgG.

The Abbott’s SARS-CoV-2 IgG assay (Abbott, Ireland) is a chemiluminescent microparticle immunoassay (CMIA) for qualitative
detection of IgG against the SARS-CoV-2 nucleoprotein. The testing was performed on Abbott Architect i2000sr analyzer. The results are
expressed as indices, calculated as a ratio of sample and calibrator signals. The threshold of positivity is 1.4.

The LIAISON®SARS-CoV-2 S1/S2 IgG (DiaSorin S.p.A, Italy) assay is an indirect CLIA and as the only one of those included in this
study allows for quantitative determination of S1- and S2- SARS-CoV-2 antigen-specific IgG antibodies. The testing was performed on
Liaison XL analyzer. The results are expressed in arbitrary units and interpreted as follows:<12 – negative;�12 -<15 – equivocal;�15 –

positive.
The Elecsys Anti-SARS-CoV-2 (Roche Diagnostics GmbH, Germany) is a electrochemiluminescence immunoassay (ECLIA) and allows

for qualitative determination of total (IgM and IgG) mature antibodies against the SARS-CoV-2 nucleoprotein. The testing was per-
formed on Cobas 8000 analyzer. The results are expressed in a form of a cutoff index (COI; signal sample/cutoff) and interpreted as
follows: <1.0 - non-reactive; �1.0 – reactive.

For the further analyses, all the equivocal results were considered positive.
2
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2.3. Statistical analysis

The statistical analysis was performed with STATISTICA software ver. 12. For the purpose of this study we compared the negative/
positive interpretation of the obtained measurements. The significance level was set to 0.05.

Q Cochrane test and Yates’s chi-squared test were used to assess the significance of the differences observed in the positivity rates of
the investigated methods. Dunn’s test with the Bonferroni adjustment was used as a post-hoc test for Q Cochrane test. The correlation
between the results obtained with different immunoassays was assessed with r Spearman.
Ethical approval

The conducted research is not related to either human or animals experimentational use.

3. Results

3.1. Anti-SARS-CoV-2 IgG antibodies testing

97 samples tested with the Euroimmun kit were further assessed with 6 different anti-SARS-CoV-2 IgG immunoassays. In comparison
to 40 samples testing positive with the Euroimmun IgG assay, 41 (including 3 equivocal) were positive in Vircell IgG, 22 (including 2
equivocal) in DiaSorin IgG, 20 in Abbott IgG, 19 in Roche (detecting IgM as well as IgG antibodies), 18 in Snibe IgG and 17 in NovaTec
IgG tests (Fig. 1).

The reported numbers of positive samples were significantly (p < 0.0001, Q Cochrane test) different, and the post-hoc Dunn’s test
with the Bonferroni adjustment revealed statistically significant differences between the results obtained with the Euroimmun IgG or
Vircell IgG and the rest of the methods investigated.

16 samples were sustainably positive in all the methods tested. One sample was negative only in NovaTec IgG ELISA and two samples
were negative only in NovaTec IgG and Snibe IgG (Table 1). Hence, 19 samples testing positive in at least 5 different assays were
considered reference positive. There were no samples positive in 4 assays. Since there was no equivocal results in the reference positive
group, all primarily equivocal results re-interpreted according to the reference results were negative.

The remaining 78 samples, which tested negative in at least 4 out of seven immunoassays, were considered reference negative. 41
out of 97 samples were invariably negative in all the assays. 14 samples tested positive only in the Euroimmun IgG ELISA and 13 were
positive only in the Vircell IgG ELISA. Out of 8 samples that tested positive in two immunoassays, 5 were positive in the Euroimmun IgG
and Vircell IgG and the remaining 3 were positive in the Euroimmun IgG or Vircell IgG and one other method (Table 1). Only 2 samples
tested were positive in 3 different methods, and for one of them two equivocal results had been reported. Taking into consideration the
proposed interpretation of positivity (half of the tests positive) the numbers of falsely positive results were as follows: 21 for Euroimmun
IgG, 22 for Vircell IgG (including 3 equivocal), 3 for Diasorin IgG (including 2 equivocal) and 1 each for Abbott IgG, NovaTec IgG and
Snibe IgG. Roche produced no false positive results. The false negative results were obtained only with the NovaTec IgG (3 results) and
Snibe IgG (2 results) assays (Table 1). Percent positive agreement (PPA) with our arbitrary reference results for all the other methods
Fig. 1. The number of positive results obtained with different anti-SARS-CoV-2 IgG immunoassays.
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Table 1
The different patterns of anti-SARS-CoV-2 IgG results in the tested cohort.

Number of
samplesa

Euroimmun
IgG

Vircell
IgG

DiaSorin
IgG

NovaTec
IgG

Roche IgG þ
IgM

Abbott
IgG

Snibe
IgG

Number of positive
results

Reference
result

16 1 1 1 1 1 1 1 7 1
1 1 1 1 0 1 1 1 6 1
2 1 1 1 0 1 1 0 5 1
1 1 1 1 0 0 0 0 3 0
1 0 1 0 1 0 1 0 3 0
1 1 0 1 0 0 0 0 2 0
5 1 1 0 0 0 0 0 2 0
1 0 1 0 0 0 0 1 2 0
1 0 1 1 0 0 0 0 2 0
14 1 0 0 0 0 0 0 1 0
13 0 1 0 0 0 0 0 1 0
41 0 0 0 0 0 0 0 0 0

a Each verse represents a group of cases with the same pattern of IgG results. The reference result is based on the sum of positive results obtained for a
given sample. Reference positive were considered those results, that were positive in at least half of the immunoassays. “1” – positive result; “0” –

negative result.
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tested was 100% (Table 2).
The percent negative agreement (PNA) between the tested methods and the reference results was 100% only for the Roche method.

However, PNA was very high (above 95%) also for Diasorin IgG, NovaTec IgG, Snibe IgG and Abbott IgG. The lowest (below 80%)
overall agreement (POA) with the reference result was observed for the Euroimmun IgG and Vircell IgG.

The analysis of anti-SARS-CoV-2 IgG testing results showed the statistically significant associations between the results of each of the
immunoassays and the reference results. The strength of these associations was assessed with the Spearman correlation coefficient (r)
(Table 3). Perfect correlation was found for the Roche test, almost perfect for Abbott IgG, Diasorin IgG and Snibe IgG, and very high for
Novatec IgG. Euroimmun IgG and Vircell IgG correlated with the reference method much weaker, due to the low PNA.

The same 97 samples were tested with the Euroimmun anti-SARS-CoV-2 IgA, followed by 5 different immunoassays. Among these:
one test assessing IgA as well (NovaTec), two assays strictly for IgM antibodies (a different NovaTec kit and Snibe), one combining IgA
and IgM (Vircell) and one combining IgM and IgG (Roche) (the same test was investigated in the IgG analysis).

Similarly to the IgG assays, the highest positivity rate was observed in the Euroimmun and Vircell assays [52 and 39 (including 6
equivocal) positive cases, respectively]. The lowest number of positive results was obtained with both NovaTec assays: 6 positive
(including 2 equivocal) for IgM and 6 positive (including 1 equivocal) for IgA. Snibe IgM test gave 20 and Roche (IgM/IgG) 19 positive
results (Fig. 2).

The differences between the tests were statistically significant (p < 0.0001), as assessed by Q Cochrane test and the post-hoc Dunn’s
test with the Bonferroni adjustment revealed statistically significant differences only between the results obtained with the Euroimmun
IgA or Vircell IgM/IgA and the rest of the methods investigated (similarly to the IgG tests). No stronger associations were observed
between the assays detecting the same antibody class than between the tests analyzing the early response in different classes, which
proves that the inclusion of both IgM and IgA into one analysis was correct. The Roche assay, that detects both IgM and IgG antibodies,
reported the positive results in the numbers similar to the other methods, with the exception of Euroimmun IgA and Vircell IgM/IgA
(Fig. 2).

Out of 97 samples only two were positive in all of the immunoassays (Table 4).
Another 2 samples were positive in all but NovaTec IgA assay, one sample was only negative in NovaTec IgM, four samples were

negative only in both NovaTec tests and two were negative only in the Novatec IgM and Snibe tests. Among the above, there were two
samples testing equivocal in NovaTec assays and hence presumably true positive samples. The above 11 samples were positive in more
than half of the tests and together with the samples testing positive in half (3 out of 6) of the investigated methods comprised a group of
24 samples arbitrarily considered reference positive (Table 4). Two of the samples included in the reference positive group were
equivocal in Vircell.

The remaining 73 samples were considered reference negative. Among them, only 32 samples were negative in all tests investigated
and 30 were positive in one test studied. If reference negative samples tested positive in some assays, it was mostly in Euroimmun or
Table 2
The agreement between the investigated serological assays and the anti-SARS-CoV-2 IgG reference result.

Reference Result Agreement Percent Positive Agreement (PPA) Percent Negative Agreement (PNA) Percent Overall Agreement (POA)

Euroimmun IgG 100.0% 73.1% 78.4%
Vircell IgG 100.0% 71.8% 77.3%
Diasorin IgG 100.0% 96.2% 96.9%
NovaTec IgG 84.2% 98.7% 95.9%
Roche 100.0% 100.0% 100.0%
Abbott IgG 100.0% 98.7% 99.0%
Snibe IgG 89.5% 98.7% 96.9%
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Table 3
The correlation between the investigated methods and the reference anti-SARS-CoV-2 IgG results, as assessed with r Spearman correlation test.

Comparison Significance level p Correlation r Strenght of correlation r

Reference result vs IgG Vircell p < 0.0001 r ¼ 0.5768 High
Reference result vs IgG Euroimmun p < 0.0001 r ¼ 0.5891 High
Reference result vs IgG Novatec p < 0.0001 r ¼ 0.8656 Very high
Reference result vs IgG Snibe p < 0.0001 r ¼ 0.9003 Almost perfect
Reference result vs IgG Diasorin p < 0.0001 r ¼ 0.9112 Almost perfect
Reference result vs IgG Abbott p < 0.0001 r ¼ 0.9684 Almost perfect
Reference result vs Roche p < 0.0001 r ¼ 1 Perfect

Anti-SARS-CoV-2 IgG antibodies testing.

Fig. 2. The number of positive results obtained with different anti-SARS-CoV-2 IgM/IgA immunoassays.

Table 4
The different patterns of anti-SARS-CoV-2 IgM/IgA results in the tested cohort.

Number of
samplesa

Euroimmun
IgA

Vircell IgM
þ A

NovaTec
IgM

NovaTec
IgA

Snibe
IgM

Roche IgM þ
IgG

Number of positive
samples

Reference
Result

2 1 1 1 1 1 1 6 1
2 1 1 1 0 1 1 5 1
1 1 1 0 1 1 1 5 1
4 1 1 0 0 1 1 4 1
2 1 1 0 1 0 1 4 1
1 1 0 0 0 1 1 3 1
5 1 1 0 0 0 1 3 1
6 1 1 0 0 1 0 3 1
1 0 1 1 1 0 0 3 1
1 0 1 0 0 0 1 2 0
1 1 0 0 0 1 0 2 0
1 0 1 1 0 0 0 2 0
8 1 1 0 0 0 0 2 0
1 0 0 0 0 0 1 1 0
3 0 0 0 0 1 0 1 0
6 0 1 0 0 0 0 1 0
20 1 0 0 0 0 0 1 0
32 0 0 0 0 0 0 0 0

a Each verse represents a group of cases with the same pattern of IgM/IgA results. The reference result is based on the sum of positive results obtained
for a given sample. Reference positive were considered those results, that were positive in at least half of the immunoassays. “1” – positive result; “0” –
negative result.
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Vircell test: 20 samples were positive only in the Euroimmun IgA ELISA, 6 only in Vircell IgM/IgA and 8 tested positive in Euroimmun
and Vircell. 3 samples were positive only in the Snibe test and one only in Roche (possibly due to an isolated IgG presence). Among the
reference negative samples, there were 4 originally testing equivocal in Vircell and one in NovaTec, presumably negative according to
reference results.

Taking into consideration the proposed interpretation of positivity (half of the tests positive), the numbers of falsely positive results
were as follows: 29 for Euroimmun IgA, 16 (including 4 equivocal) for Vircell IgM/IgA, 4 for Snibe IgM, 1 for NovaTec IgM and 1 for
5



J. Swad�zba et al. Practical Laboratory Medicine 25 (2021) e00212
Roche. Novatec IgA produced no false positive results. The numbers of falsely negative results were as follows: Euroimmun IgA and
Vircell IgM/IgA - 1 each, NovaTec IgM 19 and IgA 18, Snibe IgM 8 results and Roche 7 (Table 4). Percent positive agreement (PPA) with
the reference results was the highest for the Euroimmun IgA and Vircell IgM/IgA (95.83 for both) but the percent negative agreement
(PNA) of these methods with the reference result was very low (60.72 and 78.08 respectively). The contrary was shown for both
NovaTec tests: high PNA (100 for IgA and 98.63 for IgM) but low PPA (25.00 for IgA and 20.83 for IgM). Snibe IgG and Roche had the
highest overall agreement (87.63 and 90.72% respectively) (Table 5).

All of the assays correlated with the reference results, but the correlation was much weaker than in the IgG class testing and none of
the methods reached perfect or nearly perfect association. The Roche assay reached a very strong correlation with the reference results
(p ¼ 0.0001, r ¼ 0.7403) and strong correlation was observed for Snibe IgM and Vircell IgM/IgA (Table 6). Moderate correlation was
noted for the Euroimmun IgA and NovaTec (IgA and IgM) assays.

The re-analysis of the results according to the proposed interpretation of positivity both in IgG and IgM/A classes, revealed a
considerable switch in the number of negative samples. In comparison to the initial results obtained with the Euroimmun ELISAs, the
number of positive results dropped (from 30 to 17 cases positive in both classes; from 22 to 7 positive solely in the early phase anti-
bodies; and from 10 to 2 positive only in the IgG), in favor of the increase in the negative results (from 35 to 71).

4. Discussion

This study shows a high discordance of the results obtained with the different immunoassays used for SARS-CoV-2 antibodies testing.
Out of 97 samples, only 57 (58%) tested with the same result in all the investigated methods of IgG assessment. Even higher variability
was noted for IgM/IgA immunoassays, with agreeing results being reported in only 34 out of 97 samples (35%).

There are many different reasons for such discordance. One of them might be the different specificity of the antibodies detected by
the immunoassays investigated. Some of them include recombinant nucleocapsid (N) SARS-CoV-2 protein (Abbott, Roche, NovaTec),
and the others spike (S) SARS-CoV-2 protein. The latter distinguish further to S1 protein (Euroimmun) and S1/S2 protein (DiaSorin).
Snibe and Vircell immunoassays are based on both proteins.

The nucleocapsid proteins display higher homology between coronaviruses than spike antigens [10], what may lead to the higher
percentage of the false positive results obtained with the immunoassays employing SARS-CoV-2 N protein. The immunoassays based on
S protein have been shown to be more specific [10,11] and may last longer [12]. It is expected that the assays based on SARS-CoV-2 N
antigen are more sensitive due to the abundance of this antigen [13], although the contrary – higher sensitivity of S-based assays, has
also been reported [14]. Some authors are therefore analyzing the results obtained with different immunoassays with distinction to the
exact antigenic specificity of the antibodies detected. In our study the Euroimmun and Vircell assays, based on S1 antigen and on both
antigens, respectively, had more positive results than the other tests – no matter if using solely N antigen (Roche, Abbott), both antigens
(Snibe, Vircell) or S1/S2 antigens (Diasorin). This suggests that the specificity and sensitivity of these immunoassays depend less on the
antigen used than on the other features of the tests.

The correlations between reference results and ELISA methods were much weaker than between the reference results and the
automated methods in both IgG response (r between 0.57 and 0.86 vs 0.9–1) and in the early phase antibodies (r ¼ 0.35–0.65 vs
0.65–0.74). ELISA methods were available earlier in the pandemic, but currently accessible automatic methods seem to be better
validated. We hadmade similar observations on the Euroimmun’s high rate of potentially false positive results in our previous study. We
had compared the results obtained with the Euroimmun ELISA to the Snibe CLIA method and lateral flow immunoassays (LFIAs) [6]. We
reported a higher number of the positive results obtained with the Euroimmun’s ELISAs than with the other methods, especially in the
IgA class. We must nonetheless mention the study of Kohmer et al. who reported a low cross-reactivity of the Euroimmun and Vircell’s
IgG ELISAs, with their respective specificities of 96.2 and 83.3% [15]. Another evaluation study including the Euroimmun ELISAs
reported its high specificity of 91.9% for IgG but much lower for IgA (73%) [16]. The disadvantage of the ELISAmethods was also a high
number of equivocal results.

Having obtained disagreeing results with different methods, we decided to re-interpret the results based on the sum of the positive
results reported by the investigated assays. This approach is similar to the orthogonal testing algorithm suggested by the Food and Drug
Administration (FDA) [17] and postulated in the literature [18,19]. Since there is no confirmatory test available, it is advised to confirm
a positive result of one immunoassay with the second test. Ideally, the tests should differ in the measurement system or the exact
antibody specificity.

The distinction between reference positive and negative results was clearer and hence seems more reliable for IgG than for IgM/IgA
testing. The samples considered truly positive for IgG were positive in 5, 6 or 7 immunoassays and there were no samples positive in 4
assays.

In the case of IgM/IgA antibodies, the distinction between true positive and false positive results was less obvious, since 13 out of 24
samples considered reference positive tested positive in only half of the assays investigated. What is more, 6 out of these 13 cases were
positive in the Roche assay, which detects both IgM and IgG mature antibodies. These samples were among those considered reference
positive in the IgG testing, which suggests that these patients were tested in the late phase of SARS-CoV-2 infection. The other 7, positive
for IgM/IgA but negative in IgM/IgG Roche assay might have been tested in early stage of the infection when Roche IgM/IgG test is not
sensitive enough, as it is designed to detect only mature antibodies.

The challenge that must be faced is how to choose a test or tests appropriate for a given laboratory. On the basis of the producer-
declared high sensitivity (>90%) and specificity (95%) the FDA issues Emergency Use Authorization (EUA). The FDA’s EUA list [20]
includes (as of October 06, 2020) a few immunoassays included in this study: Abbott IgG, DiaSorin IgG, Euroimmun IgG and Roche.
Substantial efforts have also already been put into additional validation studies performed in clinical or research laboratories. Some of
6



Table 5
The agreement between the investigated serological assays and the reference result of anti-SARS-CoV-2 IgM/IgA.

Reference Result Agreement Percent Positive Agreement (PPA) Percent Negative Agreement (PNA) Percent Overall Agreeement (POA)

Euroimmun IgA 95.8% 60.7% 69.1%
Vircell IgM/A 95.8% 78.1% 82.5%
NovaTec IgM 20.8% 98.6% 79.4%
NovaTec IgA 25.0% 100.0% 81.4%
Snibe IgM 66.7% 94.5% 87.6%
Roche 70.8% 97.3% 90.7%

Table 6
The correlation between the investigated methods and the reference anti-SARS-CoV-2 IgM/IgA results, as assessed with Spearman correlation test.

Comparison Significance level p Correlation r Strenght of correlation r

Reference result vs IgM Novatec p ¼ 0.00323 r ¼ 0.3486 Moderate
Reference result vs IgA Novatec p < 0.0001 r ¼ 0.4478 Moderate
Reference result vs IgA Euroimmun p < 0.0001 r ¼ 0.4854 Moderate
Reference result vs IgA/IgM Vircell p < 0.0001 r ¼ 0.6505 High
Reference result vs IgM Snibe p < 0.0001 r ¼ 0.6526 High
Reference result vs Roche p < 0.0001 r ¼ 0.7403 Very high

J. Swad�zba et al. Practical Laboratory Medicine 25 (2021) e00212
the results have already been published [7–9,21–24] and seem to prove the performance of the immunoassays as declared by the
producers, although sometimes at adjusted cut-offs. However, the performance of the test may be significantly different in the real-life
setting of a particular ambulatory laboratory. Proved in our study variable results obtained with the methods already approved on the
market and clinically validated, point to the necessity of their cautious implementation. Similar issue was reported by Brochot et al. who
indicated the high sensitivity and agreement between different serological methods when used in hospitalized, COVID-19 confirmed
cases, but dropping significantly in patients with no proved SARS-CoV-2 infection [25]. Also, Trabaud et al. reported that the rate of
positivity varied between different immunoassays, and was influenced by the clinical presentation of the infection [26].

We aware that the biggest limitation of our study is the lack of any clinical information about the patients – if they were diagnosed
with COVID-19 or not, and if so, then how long before the blood testing, and what was the clinical presentation. However, the sole
agreement, or the lack of thereof, between the assays may provide some guidance for ambulatory laboratories.

Overall, we may conclude, that the agreement between the immunoassays assessing anti-SARS-CoV-2 IgG antibodies is higher than
that between the immunoassays assessing anti-SARS-CoV-2 IgM/IgA classes. The issue of high cross-reactivity of IgM antibodies, leading
to their compromised specificity and false positive results is well known for other laboratory tests and has also been reported specifically
in anti-SARS-CoV-2 antibodies immunoassays [11,13]. In our opinion, the tests provided by Euroimmun and Vircell bear quite a high
risk of false positive results and should be verified by a different method. NovaTec IgA and IgM ELISAs seem to not be sensitive enough
and therefore producing a risk of false negative results. Roche test seems to be the most accurate with the high overall agreement for
both classes of antibodies, followed by Snibe assay for IgM and Abbott, Diasorin and Snibe for IgG tests.
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