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A B S T R A C T   

Background: The global market for SARS-CoV-2-immunoassays is becoming ever more crowded with antibody- 
tests of various formats, targets and technologies, careful evaluation is crucial for understanding the implications 
of individual test results. Here, we evaluate the clinical performance of five automated immunoassays on a set of 
clinical samples. 
Methods: Serum/plasma samples of 75 confirmed COVID-19 patients and 320 pre-pandemic serum samples of 
healthy blood donors were subjected to two IgG and three total antibody SARS-CoV-2-immunoassays. All test 
setups were automated workflows. 
Results: Positivity of assays (onset of symptoms > 10 days) ranged between 68.4 % and 81.6 % (Diasorin 68.4 %, 
Euroimmun 70.3 %, Siemens 73.7 %, Roche 79.0 % and Wantai 81.6 %). All examined assays demonstrated high 
specificity of > 99 % (Euroimmun, Diasorin: 99.1 %, Wantai: 99.4 %) but only two reached levels above 99.5 % 
(Roche: 99.7 %, Siemens 100 %). Interestingly, there was no overlap in false positive results between the assays. 
The strongest correlation of quantitative results was observed between the Diasorin and Euroimmun IgG tests 
(r2 = 0.76). Overall, we observed no difference in the distribution of test results between female and male 
patients (p-values: 0.18−0.87). A significant difference between severely versus critically ill patients was de
monstrated for the Euroimmun, Diasorin, Wantai and Siemens assays (p-values: < 0.041). 
Conclusion: All assays showed good clinical performance. Our data confirm that orthogonal test strategies as 
recommended by the CDC can enhance clinical specificity. However, the suboptimal rates of test positivity found 
at time of hospitalization in this cohort underline the importance of molecular diagnostics to rule out/confirm 
active infection with SARS-CoV-2.   

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 

antibody tests are now becoming increasingly available following vocal 
demand by clinicians and policy makers alike [1]. Given the rapid de
velopment and distribution of these assays, careful evaluation is 
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required to avoid misinterpretation of results [2–4]. The majority of 
currently offered assays are based on detection of antibodies binding to 
the highly immunogenic viral spike(S)- or nucleocapsid(N)-proteins, 
the former of which holds the highest potential to convey neutralizing 
capacity, whereas the latter is the most abundant [5]. The semi-quan
titative Euroimmun SARS-CoV-2 immunoglobin (Ig) G enzyme linked 
immunosorbent assay (ELISA) targeting the S1-Domain of the S-protein 
was one of the first assays to become commercially available, thus also 
featuring a comparably large body of available performance data in 
literature [4–6]. In contrast, the Wantai SARS-CoV-2 antibody (Ab) 
ELISA based on a double-antigen sandwich (S-protein, receptor binding 
domain (RBD)) potentially offers higher sensitivity due to its ability to 
also detect IgM and IgA [4]. More recently, high-throughput solutions 
such as the Diasorin LIAISON® SARS-CoV-2 S1/S2 IgG assay (spike 
subdomains RBD/S2, chemiluminescence immunoassays (CLIA)), the 
Roche Elecsys® Anti-SARS-CoV-2 (N-protein, electrochemiluminescence 
immunoassay (ECLIA)), and the Siemens Atellica® IM SARS-CoV-2 Total 
(RBD, CLIA) have entered the scene, allowing for faster turnaround 
times and easy expansion of testing capacity. The aim of this study was 
to evaluate and compare the clinical performance of five different 
commercially available automated SARS-CoV-2 antibody tests in an 
inpatient cohort with confirmed coronavirus disease 2019 (COVID-19) 
and archived blood donor samples from the pre-pandemic time acting 
as negative controls. 

2. Materials and methods 

2.1. Ethics, samples and RT-PCR 

To assess positivity, the first serum/plasma sample available after 
hospitalization was analyzed (n = 75, clinical characteristics Table S1). 
The initial test consisted of a modified E-gene assay adapted as ‘cobas 

Omni Utility Channel’-protocol and performed on the cobas6800 
system [7,8] (cycle threshold value (Ct value) < 34 was defined as 
positive). 66/75 patients showed positive PCR results in at least two 
independent samples, using the above-mentioned method or the Roche 
SARS-CoV-2 IVD-Test for the cobas6800 system. The remaining nine 
patients received positive PCR results from external (certified) diag
nostic laboratories, these patients are marked by an arrow in Fig. 1F. To 
analyse specificity, a set of anonymized retained samples of a pre- 
pandemic blood donor cohort (n = 320, equally distributed between 
the age of 18–70; m/f ratio 1:1, collected 01.03.17 – 09.04.17) was 
used. All samples were stored at −20 °C prior to analysis. The use of 
anonymized samples was approved by the local ethics committee. As
says were performed according to the manufacturers’ recommendations 
(Table 1). For details on study design and testing see supplementary 
materials. 

3. Results 

3.1. Positivity and specificity 

Overall, the Wantai ELISA showed the highest clinical sensitivity 
with a positivity rate of 81.6 % (CI: 66.6−90.8%) in patient samples 
collected > 10 days from the onset of symptoms, followed in order by 
the Roche ECLIA 79.0 % (CI: 63.7−88.9%), the Siemens CLIA 73.7 % 
(CI: 58.0−85.0%), the Euroimmun ELISA 70.3 % (CI: 54.2−82.5%) 
and the Diasorin CLIA 68.4 % (CI: 52.5−80.9%; Table 2). Out of all five 
immunoassays, the Wantai total Ig ELISA had the highest positivity rate 
of 8/12 (66.7 %) collected at day 1–5, 19/25 (76 %) at day 6–10 and 
19/22 (86.4 %) at day 11–15 after symptom onset (Fig. 1E, Table S2). 
In specimens collected more than 15 days after symptom onset, the 
Roche, Wantai and Siemens assays demonstrated the highest positivity 
rate of 12/16 (75 %) positive samples. (Fig. 1, Table S2). A concordant 

Fig. 1. Test results of examined SARS-CoV-2 serology assays. 
A-E The scatter plots with logarithmic scales display test results of SARS-CoV-2 PCR positive patients (blue dots, n = 75) and pre-pandemic blood donors (green dots, 
n = 320). Each dot represents one sample. Cut-off values for positivity are 1.1 for Euroimmun, 15 for Diasorin and 1 for Roche, Wantai and Siemens (upper dotted 
line). Cut-off values for borderline test results are 0.8 for Euroimmun and 12 for Diasorin (lower dotted line). F Test results of SARS-CoV-2 PCR positive patients 
(n = 75). Each column represents one patient. Samples are sorted by time since onset of symptoms in days. Negative test results are displayed in grey, positive test 
results in blue and borderline test results in light blue. Immunosuppressed patients are marked by a * in the bottom row and a ↑ in the bottom row indicates that RT- 
PCR was performed by an external certified lab. 
Abbreviations: A/C.O., absorbance/cut-off value; AU/mL, arbitrary units/mL; COI, cut-off index (signal sample/cut-off); d, days; Dia, Diasorin; Eur, Euroimmun; Roc, 
Roche; Ratio, ratio (extinction sample/extinction calibrator); Sie, Siemens; Wan, Wantai. 
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Table 2 
Positivity, specificity, NPV and PPV of examined SARS-CoV-2 serology assays.               

specificity positivity NPV PPV  

(n = 320) 1−10 d (n = 37)   >  10 d (n = 38) prevalence 0.8 %  

1−10 d  >  10 d 1−10 d  >  10 d   

% 95 % CI % 95 % CI % 95 % CI % % % % 
Euroimmun          

99.1 (97.3−99.7) 27.0 (15.4−43.0) 70.3 (54.2−82.5) 99.4 99.8 19.5 38.6 
Diasorin           

99.1 (97.3−99.7) 29.7 (17.5−45.8) 68.4 (52.5−80.9) 99.4 99.7 21.0 38.0 
Roche           

99.7 (98.3−100) 46.0 (31.0−61.6) 79.0 (63.7−88.9) 99.6 99.8 55.3 68.0 
Wantai           

99.4 (97.8−100) 73.0 (57.0−84.6) 81.6 (66.6−90.8) 99.8 99.9 49.5 52.3 
Siemens           

100 (98.8−100) 35.1 (21.8−51.2) 73.7 (58.0−85.0) 99.5 99.8 100 100 

To determine positivity rates and specificity, samples from SARS-CoV-2 PCR positive patients (n = 75) collected in March and April of 2020 and samples from pre- 
pandemic blood donations made in March of 2017 (n = 320) were tested with each assay. NPV and PPV were calculated for a prevalence of 0.8 % according to our 
local currently low prevalence setting (Hamburg, Germany). Patients were grouped according to the time between onset of symptoms and date of blood sampling in 
days (1−10 days and > 10 days). 
Abbreviations: CI, confidence interval; d, days; NPV, negative predictive value; PPV, positive predictive value.  

Fig. 2. Correlation between SARS-CoV-2 serology assays. 
A Scatter plots with logarithmic scales, each displaying the correlation between two tests. Test results of SARS-CoV-2 PCR positive patients (n = 75) are plotted. Each 
dot represents one sample. Dotted lines indicate assay cut-offs for positivity (upper line) and borderline test results (lower line). Values in dark blue areas tested 
positive in both assays and values in light blue areas in one assay. B Person correlation coefficients (r2) arranged in the same format as in A. Values are color-coded, 
with values close to 1 displayed in a dark blue and values close to 0 in a light blue. All correlations are significant (p-value: ≤0.0003). 
Abbreviations: A/C.O., absorbance/cut-off value; AU/ml, arbitrary units/mL; COI, cut-off index (signal sample/cut-off); D, Diasorin; E, Euroimmun; R, Roche; Ratio, 
ratio (extinction sample/extinction calibrator); S, Siemens; W, Wantai. 
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positive test result in all five tests was observed in 31/75 (41.3 %) of 
samples, whereas in 15/75 (20 %) of samples, none of the im
munoassays generated a positive result (this includes 4/5 im
munocompromised patients). For test results of patients who tested 
negative in at least one assay (onset of symptoms > 10 days) see Table 
S3 (supplements). Using pre-pandemic samples as negative controls, all 
assays demonstrated low false positive rates of 3/320 (0.9 %, Euro
immun and Diasorin), 2/320 (0.6 %, Wantai), 1/320 (0.3 %, Roche) 
and 0/320 (0%, Siemens), amounting to a specificity of 99.1 %, 99.4 %, 
99.7 % and 100 %, respectively (Table 2, Fig. 1). False positive test 
values were 1.14, 1.51 and 1.18 for Euroimmun (median of true posi
tive: 5; range: 1–15), 15.9, 12.5 and 94.7 for Diasorin (median of true 
positive: 56.6; range: 12–256), 3.2 and 2.6 for Wantai (median of true 
positive: 15.6; range: 1–18.4) and 2.59 for Roche (median of true po
sitive: 12.3, range: 1.2–41.4). 

3.2. Distribution and correlations 

To analyze possible gender differences in antibody responses, we 
compared the distribution of test results between female and male 
COVID-19 patients for each assay, but no significant differences were 
observed (p-values ranging from 0.18 to 0.87). For comparison of 
quantitative responses, we conducted a side-by-side comparison of all 
test results in the SARS-CoV-2 PCR-positive patient cohort (Fig. 2). As 
expected, the strongest correlation was observed between the two IgG 
assays by Euroimmun and Diasorin with an r2 value of 0.76. The second 
strongest correlation was demonstrated between the Euroimmun and 
Siemens assays with a r2 value of 0.62. Neither assay correlated well 
with the results of the total antibody assay from Wantai (r2 values <  
0.45). Comparison between disease severity and test results showed a 
significant difference between severely and critically ill COVID-19 pa
tients for the Euroimmun, Diasorin, Wantai and Siemens assays (p-va
lues < 0.041; Figure S1 supplements). 

4. Discussion 

Here, we present the performance characteristics of five commercial 
high-throughput SARS-CoV-2 immunoassays in samples from a COVID- 
19 inpatient cohort and negative controls consisting of pre-pandemic 
blood donor samples. All assays demonstrated good specificity above 99 
% with the Roche and Siemens assay reaching 99.7 % and 100 % re
spectively. Nonetheless, for clinical use the prevalence in the respective 
patient’s population is critical. In a low prevalence environment such as 
Germany (seroprevalence 0.8 %–1 % (9)), the positive predictive values 
determined in our study ranged from 19.5 %–100 % and 38.0 %–100 % 
(for ≤ 10 days or > 10 days after start of symptoms, respectively (see 
also Table 2). Interestingly we observe no overlap of false positive re
sults between the different assays. Therefore, our data support the 
current recommendation of the CDC for low prevalence settings (< 5% 
prevalence) to use a second serology assay to increase the PPV above 90 
%. The overall assay positivity rates in this study are lower than re
ported by the respective manufacturers, but test results reported here 
fall in line with other clinical evaluation studies [4,5,9]. A major lim
itation of this study is that no longitudinal sera were analyzed so we 
cannot exclude that some patients might have seroconverted at later 
time points. According to currently available literature, emergence of S- 
protein antibodies is usually preceded by those against N-protein 
[10,11], however in our cohort the S-protein based ELISA by Wantai 
was the most sensitive assay followed by the N-protein based Elecsys 
assay (Roche) with 79 % vs. 81.6 % positivity (> 10 days after onset of 
symptoms), respectively. 

As expected, assays detecting IgG, IgM and IgA had a higher sen
sitivity in our cohort than tests detecting only IgG [9]. Overall, there 
was good qualitative agreement between all assays, but moderate 
quantitative correlation (r2 = 0.76) was only observed between the two 
assays detecting specifically IgG (Euroimmun and Diasorin, Fig. 2). 

Regarding gender specific differences in immune response, we observed 
no disparity in number of positive samples or titers of SARS-CoV-2 
antibodies in any of the five assays, but critically ill patients had sig
nificantly higher IgG antibody responses compared to patients with 
mild/severe disease course in accordance to results from other cohorts 
[12]. Overall, the suboptimal rate of test positivity found at time of 
hospitalization in this cohort underline the importance of molecular 
diagnostics to rule out/confirm active infection with SARS-CoV-2. 
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