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A B S T R A C T   

Background: Serological severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) antibody assays differ in 
the target antigen specificity, e.g. of antibodies directed against the viral spike or the nucleocapsid protein, and in 
the spectrum of detected immunoglobulins. The aim of the study was to evaluate the performance of two 
different routinely used immunoassays in hospitalized and outpatient COVID-19 cases. 
Methods: The test characteristics of commercially available spike1 protein-based serological assays (Euroimmun, 
EI-assays), determining IgA or IgG and nucleocapsid-based assays (Virotech, VT-assays) determining IgA, IgM or 
IgG were compared in 139 controls and 116 hospitalized and outpatient COVID-19 cases. 
Results: Hospitalized COVID-19 patients (n = 51; 115 samples) showed significantly higher concentrations of 
antibodies against SARS-CoV-2 and differed from outpatient cases (n = 65) by higher age, higher disease severity 
scores and earlier follow up blood sampling. Sensitivity of the two IgG assays was comparable in hospitalized 
patients tested ≥ 14 days (EI-assay: 88%, CI95% 67.6–99.9; VT-assay: 96%, CI95% 77.7–99.8). In outpatient 
COVID-19 cases sensitivity was significantly lower in the VT-assay (86.2%, CI95% 74.8–93.1) compared with the 
EI-assay (98.5%, CI95% 90.6–99.9). Assays for IgA and IgM demonstrated a lack of specificity or sensitivity. 
Conclusions: Our results indicate that SARS-CoV-2 serological assays may need to be optimized to produce 
reliable results in outpatient COVID-19 cases who are low or even asymptomatic. Assays for IgA and IgM have 
limited diagnostic performance and do not prove an additional value for population-based screening approaches.   

1. Introduction 

In December 2019 pneumonia cases were increasingly caused by a 
novel coronavirus, later termed severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), in the city of Wuhan, Hubei province, in 
the People’s Republic of China [1]. The World Health Organization 

(WHO) officially named the related respiratory tract infections Corona 
Virus Disease 2019 (COVID-19) [2]. In the following months, COVID-19 
spread worldwide and became a true pandemic with currently more 
than 34.8 million confirmed infections and more than 1 million deaths 
[3]. According to WHO recommendations, identification of infectious 
cases should rely on molecular methods [4]. These tests detect the 

Abbreviations: CD, celiac disease; COVID-19, Corona Virus Disease 2019; NPV, negative predictive value; PPV, positive predictive value; SARS-CoV-2, severe acute 
respiratory syndrome coronavirus 2. 
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presence of the virus, aiming to identify whether an individual is 
currently infected and potentially contagious. 

Large-scale test strategies differ from country to country. Moreover, 
there still is a considerable number of false-negative results in the 
detection of viral nucleic acids due to pre-analytical differences in 
sample collection, transportation, RNA extraction methods, enzyme in
hibitors and PCR chemistries applied. Detection is particularly difficult 
in clinically mild courses or asymptomatic patients [5]. Population 
based serologic testing might help to understand and countervail 
spreading mechanism of the pandemic. 

Due to the high demand of reliable confirmatory tests, numerous 
serological assays were developed within a short period of time. Avail
able tests differ in the epitope specificity of detected antibodies directed 
either against the spike protein, the receptor binding domain or the 
nucleocapsid of SARS-CoV-2 [6]. Thus, test formats were designed to 
discriminate between IgA, IgM and IgG, or IgA and IgG, total immuno
globulins or IgG only. However, clinical performance strongly depends 
on the design and the characteristics of the test applied [7,8]. Of note, 
assays of various manufacturers are not standardized nor harmonized so 
far. Hence, it has been shown that cutoff optimization may reduce inter- 
assay differences [9] and improve sensitivity [7]. Moreover, most 
studies on the performance of serological tests have so far been con
ducted in hospitalized patients with severe disease progression 
[8,10,11], whereas the assay characteristics regarding asymptomatic 
carriers or patients with milder symptoms would be crucial for deter
mining a more realistic prevalence within a population. To improve the 
knowledge about the applicability in the general population, we 
compared serological tests in hospitalized as well as outpatient COVID- 
19 cases with milder or no symptoms. We compared tests that have been 
validated in recent publications to discriminate between IgA or IgG 
against the spike protein (Euroimmun, EI-assay) [12–15] or to distin
guish between IgA, IgM or IgG directed against the nucleocapsid protein 
(Virotech, VT-assay) [16]. 

2. Methods 

2.1. Ethics statement 

The ethics committee of the Saxonian medical chamber approved the 
study (registry number EK-allg-37/10–1). All procedures utilized in this 
study were in agreement with the 1964 Declaration of Helsinki and its 
later amendments and written informed consent was obtained from all 
study participants. 

2.2. COVID-19 patients 

A diagnosis of COVID-19 was settled according to the WHO guide
lines [4]. Serum samples from two COVID-19 disease groups with 
different clinical severity and progression were applied as follows:  

(i) The first group consists of hospitalized COVID-19 patients 
admitted between March 6 and May 2, 2020 to the Department of 
Infectious Diseases/Tropical Medicine, Nephrology and Rheu
matology at Hospital St. Georg in Leipzig, Germany. Clinical 
severity was classified according to WHO: Moderate (1): un
complicated upper airway symptoms without requirement of 
supplemental oxygen, none respiratory symptoms (vomiting/ 
diarrhea/fever); Severe (2): receiving supplemental oxygen, 
Sp02 ≤ 90%, PaFiO2 ratio <300 mmHg, respiratory rate >30/ 
min; Critical (3): receiving ventilatory support (nasal highflow 
canula, noninvasive ventilation, invasive ventilation), multiple 
organ failure. During hospitalization, we obtained 105 individual 
sera of 51 cases at different time intervals. 

(ii) The second COVID-19 group comprises individuals with asymp
tomatic and moderate symptoms who appointed our outpatient 
department (n = 65, one sample per patient). 

Taken together, 170 specimens from 116 confirmed COVID-19 cases 
were analyzed. Duration from onset of symptoms was calculated by 
reviewing the electronical medical record. Furthermore, we assessed 
symptoms including shortness of breath, cough, fever, loss of taste or 
smell, headache and sore throat as published by the Centers for Disease 
Control and Prevention (CDC) [17]. 

2.3. Control cohort 

Controls included 57 specimens of employees of the central fire 
brigade in Leipzig, Germany (blood withdrawal between March 28 and 
April 4, 2020) who were subjected to strict hygiene measures to prevent 
SARS-CoV-2 spreading and without any known contact to SARS-CoV-2 
positive individuals. A second control group included and eight speci
mens from patients with other infectious respiratory diseases (influenza 
A/H1N1, one with human coronavirus HKU1, two with human coro
navirus NL63, one with Mycoplasma pneumoniae, one with respiratory 
syncytial virus [RSV], and two with adenoviruses, all confirmed using a 
commercial respiratory multiplex-polymerase chain reaction (PCR) 
system). Both control groups were negatively tested for the presence of 
SARS-CoV-2 by real-time reverse transcriptase PCR (RT-PCR) seven to 
ten days before blood sampling. Furthermore, 50 serum samples of 
children and adolescents ≥5 years of age with acute or chronic gastro
intestinal complaints, excluding patients under immunosuppressive 
therapy and those with known autoimmune diseases, and 17 serum 
samples of celiac disease (CD) patients with low (n = 5, 1–5 × the upper 
limit of normal [xULN)), moderate (n = 6, 6–20 xULN) and high levels 
(n = 6, 21–252 xULN) of IgA against tissue transglutaminases (IgA-TTG, 
Euroimmun, Lübeck, Germany) were included [18]. These samples were 
collected before the emergence of SARS-CoV-2 between 2011 and 2012 
and were kept frozen at − 80 ◦C. 

2.4. SARS-CoV-2 RT-PCR 

To detect SARS-CoV-2 virus particles, either nasopharyngeal swabs 
(Copan Liquid Amies eSwabs, Brescia, Italy) or pharyngeal lavage 
specimens were analyzed by RT-PCR. Specimens were subjected to 
cellular lysis and RNA extraction on a MagNA Pure 24 System (Roche, 
Mannheim, Germany) or QiaSymphony (Qiagen, Hilden, Germany). 
Real-time RT-PCR was conducted using LightCycler Multiplex RNA 
Virus Master Mix on a Lightcycler 480 RT system (both Roche, Man
nheim, Germany) or a ViiA7 system (Applied Biosystems, Foster City, 
USA). 

For SARS-CoV-2 analysis, the Sarbecovirus specific LightMix 
Modular SARS-CoV (COVID-19) E gene assay was used (TIB Molbiol, 
Berlin, Germany). EAV control (TIB Molbiol, Berlin, Germany) was used 
as extraction and internal PCR control. Samples from control patients 
with acute respiratory disease were additionally analyzed molecularly 
on the Biofire Filmarray system (bioMérieux, Marcy-l’Étoile, France) 
with the respiratory panel or the pneumonia plus panel. All (RT)-PCR 
reactions were performed according to manufacturer’s protocol. 

2.5. Serological assays 

We compared two different commercially available, CE-IVD labelled 
enzyme-linked immunosorbent assays (ELISA) for detection of anti
bodies against SARS-CoV-2 antigens. The EI-assays detect IgA or IgG 
antibodies that are directed against the S1 domain of SARS-Cov-2 spike 
protein (Euroimmun, Lübeck, Germany), whereas the VT-assays deter
mine IgA, IgM or IgG directed against the nucleocapsid protein (Viro
tech, Rüsselsheim, Germany). Measurements were performed on an 
automated ELISA processor (DSX, Dynex Technologies, UK). 

In case of discrepancies between these two assays in specimen of 
COVID-19 patients, showing no seroconversion during the course of 
disease, or lack of follow-up samples, an electrochemiluminescent SARS- 
CoV-2 immunoassay (herein referred as ‘Elecsys’, Roche, Mannheim, 
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Germany) was applied. The assay detects IgG and IgM antibodies spe
cifically directed against the nucleocapsid protein. The test results were 
reported as cutoff indices (COI). For this study, the indicated manufac
turer’s cutoffs for borderline results were reported as positives (EI-assay: 
COI ≥ 0.8; VT-assay: COI ≥ 9; Elecsys: COI ≥ 1). All assays were per
formed according to manufacturers’ specifications. 

2.6. Statistics 

Diagnostic sensitivity was calculated based on molecular testing as 
gold standard to identify COVID-19 positive individuals. Specimens of 
hospitalized COVID-19 patients were grouped according to following 
time intervals for blood sampling after symptoms onset: 0–3 days, 4–7 
days, 8–10 days, 11–13 days and ≥14 days. 

Numerical variables were summarized as median and compared by 
non-parametric Mann-Whitney-U test. Categorical variables were given 
as frequencies or percentages with 95% Wilson-confidence intervals 
(CI95%). The McNemar’s Test was used to compare diagnostic properties 
for two tests used on a single population and Fleiss’ kappa was chosen as 
a measure of agreement. 

Positive predictive values (PPV) and negative predictive values 
(NPV) were estimated in dependency to prevalence using Bayes formula. 
For estimation of PPV and NPV, the entire control group as well as all 
COVID-19 cases sorted by blood sampling ≥14 days after symptoms 
onset were included. Yates correction was applied for tests with either 
100% sensitivity and/or specificity to calculate PPV and NPV with 
CI95%. SPSS version 21 (IBM, Armonk, NY, USA) and GraphPad PRISM 
version 5 (GraphPad Software, San Diego, CA, USA) were used for sta
tistical calculations and generation of figures. 

3. Results 

Demographics of COVID-19 cases are depicted in Table 1. Hospital
ized patients were of higher age and the disease grading was severe (23/ 
51) or even critical (12/51), compared to moderate (60/65) or asymp
tomatic (5/65) in the outpatient COVID-19 cohort. Median blood sam
pling following onset of symptoms was 9 days (0–60) in hospitalized 
patients, and 36 days (24–67) in outpatient cases (Table 1). 

3.1. Performance of antibody assays in hospitalized and outpatient 
individuals 

Distribution of IgA, IgG and IgM antibody results are depicted in 
Fig. 1 and calculated sensitivity and specificity values are shown in 
Table 2. Comparison of specificity between IgA for the EI-assay (94.3%; 
88.6–97.3%) and the VT-assay (100%; 96.7–100%) revealed significant 
differences, whereas performance of the IgG EI-assay and the VT-assay 
was comparable (99.3%; 95.5–99.9% and 100%; 96.7–100%). Of note, 

the IgM specific VT-assay resulted in 4 false-positive tested samples 
(97.1%; 92.3–99.1%). False-positive samples for IgA in the EI-assay 
were especially high in CD patients with low IgA-TTG concentrations 
(4/17). 

Sensitivities of the assays strongly depend on the time-point of blood- 
sampling after onset of symptoms (Table 2). To address the question if 
test performance also depends on the study population itself, we 
compared the different assays in severely-diseased hospitalized patients 
and low-symptomatic non-hospitalized COVID-19 individuals. In hos
pitalized patients, sensitivity of the IgA EI- and the VT-assay continu
ously increased from 31.2% (CI95% 12.1–58.5) and 12.5% (CI95% 
2.2–39.6) at <3 days to 96.0% (CI95% 77.7–99.8) and 64.0% (CI95% 
42.6–81.2) at ≥14 days after onset of symptoms. Differences at ≥14 days 
after onset of symptoms were statistically significant. Furthermore, a 
difference between the performances of both assays was observed in the 
outpatient group. Whereas the sensitivity of the IgA EI-assay was com
parable between outpatient and hospitalized COVID-19 cases at ≥14 
days (96.9% and 96%), the VT-assay returned a considerably reduced 
sensitivity in the outpatient cohort (6.2%; CI95% 1.9–15.5). Regarding 
analysis of the two different IgG assays, we observed a continuous in
crease in sensitivity characteristics in both EI-assay and VT-assay 
ranging from 12.5% (CI95% 2.2–39.6; both assays) at <3 days to 
88.0% (CI95% 67.6–96.8) and 96.0% (CI95% 77.7–99.8) at ≥14 days after 
onset of symptoms. Again, we observed significant differences in the 
sensitivity when outpatients were tested with 98.5% (CI95% 90.6–99.9) 
for the IgG EI-assay and 86.2% (CI95% 74.8–91.1) for the VT-assay. 
Sensitivity of the IgM VT-assay ranged from 18.8% (CI95% 4.9–46.3) at 
<3 days to 68% (CI95% 46.4–84.3) at ≥14 days after onset of symptoms 
in hospitalized patients. In the outpatient COVID-19 cases, sensitivity of 
the IgM assay was limited to 24.6% (CI95% 15.1–37.1). Data are shown 
in Supplementary Fig. 1. Comparison of median values between hospi
talized patients ≥14 days and outpatient cases revealed significant lower 
IgA and IgG levels values for outpatient COVID-19 cases in both the EI- 
and VT-assay (Fig. 2). 

Concordances between IgA assays for hospitalized and outpatient 
individuals were 72.4% and 9%, respectively, and differed significantly 
between the EI-assay and the VT-assay (p < 0.001, κ = 0.470 and p <
0.001, κ = 0.004). For the IgG assays, the proportions of agreement were 
generally higher for both inpatients (88.6%, p = 0.006, κ = 0.772) and 
outpatients (84.6%, p = 0.021, κ not determinable). 

3.2. Receiver operating curve (ROC) analysis and optimization of cutoff 
values 

The distribution of IgA, IgM and IgG values show a high abundance 
of false-negative results when samples were analyzed with the VT-assay 
(Figs. 1 and 2), indicating that recommended cutoff values might be 
inadequate. We performed a ROC analysis to verify cutoff values of EI- 

Table 1 
Demographic characteristics of COVID-19 cases and the control cohort.   

COVID-19 
hospitalized 

COVID-19 
outpatient 

p value fire brigade children and adolescents 
(2011–2012) 

respiratory 
infection 

coeliac 
disease 

N 51 65  64 50 8 17 
Males (%) 64.7 67.7 n.s. 89.1 36.0 87.5 35.3 
Median age 64 (25–90) 46 (14–64) 0.012 38 (19–65) 13 (5–18) 57 (17–88) 13 (7–55) 
Blood sampling 9 (0–60) 36 (24–67) <0.001     
CT values 26.7 (11.8–34.1) 21.6 (15.4–32.4) n.s.     
Severity of disease        
0 – asymptomatic 2 5 n.s.     
1 – moderate 14 60 <0.001     
2 – severe 23 – <0.001     
3 – critical 12 – <0.001     

Data is presented as the median with minimum and maximum. Clinical severity was classified as asymptomatic (0); moderate (1): uncomplicated upper airway 
symptoms without requirement of supplemental oxygen, none respiratory symptoms (vomiting/diarrhea/fever); severe (2): receiving supplemental oxygen, Sp02 
≤90%, PaFiO2 ratio <300 mmHg, respiratory rate >30/min; critical (3): receiving ventilatory support (nasal high-flow, noninvasive ventilation, invasive ventilation), 
multiple organ failure. Mann-Whitney-U test was used to analyze differences. n.s. = not significant. 
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and VT-assays (Supplementary Figure 2). The analysis of given samples 
revealed that the cutoff values for IgA and IgG VT-assays may be opti
mized to a COI of 3.5 and 6.4 without loss of specificity >99%, 
respectively. 

3.3. Predictive values for IgG SARS-CoV-2 assays 

IgG assays may represent a useful tool for population-based testing, 
however, the interpretation of the test results strongly depends on the 
prevalence of anti-SARS-CoV-2 positive individuals in the population. 
We observed a PPV for the IgG EI- and VT-assay of 98.9 and 98.8%, with 
a NPV of 97.2% and 93.3%, respectively, for a prevalence of 39% in our 
COVID-19 study cohort. Supplementary Table 1 depicts PPV and NPV in 
dependency of selected prevalence values to be assumed in large-scale 
screening scenarios. 

3.4. Discrepant COVID-19 cases for IgG assays 

Comparing results of the IgG assays (Fig. 1B), 12 specimens of 11 
COVID-19 cases showed positivity for the VT-assay but were negative in 
the EI-assay if the optimized COI for the IgG VT-assay was applied. Six of 
10 hospitalised patients showed seroconversion at a later time point for 

IgG detected in the EI-assay. Five patients had no follow-up serum 
sample to assess seroconversion, but seropositivity was confirmed in 
three cases (including one outpatient COVID-19 patient) using the 
electrochemiluminescent assay detecting cumulative antibodies 
including IgG (Supplementary Table 2). Two hospitalized patients (one 
case with an additional follow-up serum) with positivity in the VT-assay 
could not confirmed by the electrochemiluminescence assay. One was a 
73-year-old male patient who was appointed to the hospital two days 
after positive PCR test with pronounced headache and nausea. Besides 
anosmia and Ageusia, the patient did not described any further symp
toms. The second represented a 73-year-old male patient with diabetes 
type II which was primary hospitalized due to an abdominal phlegmon. 
Furthermore, an obstructive dyspnea (D-dimer 10315 µg/l) was 
observed. SARS-CoV-2 PCR screening revealed a Ct value of 35.2. In 
both cases, samples for PCR screening and antibody testing were ob
tained on the day of admission. 

Three outpatient cases remained negative with the VT-assay but 
showed positivity for the EI-assay. The electrochemiluminescent assay 
confirmed the results of the EI-assay (Supplementary Table 1). 

Fig. 1. Distribution of antibody results. Scatterplots visualizing the relation between IgA (A) and IgG (B) antibodies detected in EI- and Nucleocapsid-assays for 
SARS-CoV-2. Results of IgM antibodies directed against nucleocapsid were plotted against IgG antibodies (C). Dashed lines indicate cutoff values. 
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4. Discussion 

Recently, a multitude of CE-IVD labelled immunoassays for antibody 
detection to SARS-CoV-2 were released. Proper assay sensitivity and 
specificity is highly relevant for epidemiologic analyses to estimate 
infection rates and to monitor the progression of the epidemic [19]. 
Here, we compared the serological testing performance of two 
commercially available anti-SARS-CoV-2 assays with different target 
antigens in severely-diseased hospitalized and low-symptomatic non- 
hospitalized COVID-19 patients. 

Using the recommended thresholds, we identified significant dis
crepancies in sensitivity between the EI- and VT-assays, especially when 
outpatient COVID-19 cases were tested. In general, our data confirm that 
sensitivity of the assays increases with the time of blood sampling and 
produces reliable results when samples from hospitalized COVID-19 
patients are tested ≥14 days after symptom onset [12–14]. Impor
tantly, we detected relevant differences when outpatients were tested 
for both IgA and IgG, respectively. Compared to hospitalized COVID-19 
patients, outpatient cases were younger, had lower disease severity and 
blood sampling was performed at later time points. We also observed 
nonsignificantly lower Ct values in outpatients compared to hospitalized 
patients. The reason for this observation could be the timing of PCR 
testing. Based on national test strategies, outpatient cases are identified 
very early after symptom onset or even before. In contrast, hospitalized 
patients get tested during admission into the hospital. Of note, in most 
patients the viral load in the upper respiratory tract already declines 
after day five from onset of symptoms [20]. 

Using the recommended thresholds, the sensitivity of the VT-assay 
against IgA and IgG was markedly lower (6.2% and 86.2%) for the 
outpatient group as compared to the hospitalized patients tested ≥14 
days (64% and 96%). In contrast, sensitivity of the EI-assay against IgA 
and IgG was comparable between hospitalized patients (96% and 92%) 
and outpatient cases (96.9%% and 98.5%). Similar results were detected 
by Theel et al. who used an outpatient cohort to evaluate performance 
characteristics of two S1-assays and two N-assays to detect IgG anti
bodies against SARS-CoV-2 [15]. Of note, the lowest sensitivity (56.6%) 
was observed in the outpatient cohort using a nucleocapsid assay, 
whereas the other three assays produced comparable results 
(91.3–95.7%) [15]. 

Overall concordance between both tests were low for IgA but still 
acceptable for IgG. IgM was tested only in the VT-assay, resulting in high 
rates of false-negative results in hospitalized patients tested ≥14 days 
(sensitivity: 68%) and outpatient cases (sensitivity: 24.6%). Our study 
indicates that performance of the VT-assay strongly depends on the 
analyzed patient cohort, yielding a lower IgG or even inacceptable low 
IgA performance when outpatient cases with lower disease severity and 
later blood sampling were included. Recent findings indicate that hos
pitalized patients are characterized by an increased immune response 
compared to outpatients [21,22]. Accordingly, in critical and non- 
critical hospitalized COVID-19 patients, no differences were found 
when seven different IgG assays were compared [11]. As serologic 
response differs between severely diseased hospitalized patients and low 
or even asymptomatic outpatients [21–23], our results indicate that 
outpatients with lower disease severity may prove a challenge for 
available assays. Moreover, our results confirm the findings of Schnurra 
et al., who have shown that sensitivity of the VT-assay is lower than 
other nucleocapsid-based assays when patients with mild symptoms 
were tested [16]. Accordingly, we conclude that observed discrepancies 
are based on the specific assay design. 

Moreover, it has been shown that levels of IgA and IgM begin to 
decline within two months after symptom onset, whereas IgG against 
spike-protein and nucleocapsid stay relatively constant [6,24,25]. As 
observed differences in the outpatient cases might depend on declined 
antibody levels, we compared levels of IgA or IgG between the first and 
the last quintile regarding time point of blood sampling in the out
patients (Supplementary Fig. 3). Our results confirm that there is a Ta
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nonsignificant decline of IgA. However, in both assays levels of IgG are 
constant in the upper and the lower quintile. Based on these results, we 
conclude that reduced sensitivity of the IgG VT-assay is rather caused by 
the specific assay then by declined antibody levels in the outpatients. 

Concerning the high abundance of false negative results of the VT- 
assay, we performed a ROC analysis to optimize clinical performance. 
Applying the calculated optimal ROC cutoffs, performance of the IgG 
VT-assay distinctly increased and was comparable with the IgG EI-assay. 
We assumed that a control group with higher assay background was 
used for validation resulting in higher cutoffs to reach specificities of 
>99%. However, the cut offs were defined by the manufacturer and 
published in the manuals of the ICD-CE approved tests. The reason for 
this profound discrepancy remains ambiguous. Our results indicate that 
available serological tests may need to be optimized to produce reliable 
results in real populations with a high degree of individuals who were 

low or even asymptomatic and who have fully recovered from SARS- 
CoV-2 infection. 

Regarding test specificity, we compared performance of serological 
tests in different control cohorts. Specificity was highly comparable 
between the EI-assay against IgG and the VT-assays to detect IgA, IgG 
and IgM, indicating a low number of false-positive test results. Other
wise, specificity was lower in the EI-assay for IgA (94.3%), confirming 
specifications of the manufacturer (given specificity: 92.5%). Notably, 
the small CD control group (n = 17) as a representative of frequent 
autoimmune diseases in Germany with a (sero)prevalence of 1.6% [26] 
displayed 4 false positive results for IgA and one for IgG in the EI-assay. 
We hypothesize that other auto-antibodies may cross-react in the EI- 
assay. 

Given the early decline of anti-SARS-CoV-2 IgA and IgM [6,24,25], it 
is questionable if serological testing of IgA or IgM is useful for 

Fig. 2. Clinical performance of IgA and IgG SARS- 
CoV-2 EI- and Nucleocapsid immunoassays Sero
positivity for IgA (A) or IgG (B) in 139 control 
samples and 170 specimens from 51 hospitalized 
and 65 outpatient COVID-19 cases in relation to 
onset of symptoms. The control cohort consists of 4 
subgroups, i.e. a local fire brigade (n = 57), patients 
with other acute respiratory diseases (n = 8), chil
dren and adolescents with acute and chronic 
gastrointestinal complaints (n = 50) and celiac dis
ease patients with increased IgA concentrations (n 
= 17). Borderline results were reported as positives. 
For better visualization, COI-results were divided by 
the cutoff values for borderline results. Values are 
given as upper limit of normal (xULN). Dotted line 
represents cutoff value for positively tested samples. 
Data are given as the median and interquartile 
range. Mann-Whitney-U test was used to analyze 
differences between hospitalized COVID-19 patients 
with blood sampling ≥14 days after onset of symp
toms and outpatient cohort, *p < 0.05, ***p < 
0.001.   
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population based testing approaches. Since an antibody response takes 
several days [24,27], serologic analyses are not indicated in the diag
nosis and screening for active early infection. Thus, there is no clinical 
benefit to measure IgA or IgM. 

As interpretation of serological testing largely depends on the prev
alence in the population, we estimated and compared the NPV and PPV 
of the IgG EI- and VT-assay. Applying the modified cutoff for the IgG VT- 
assay, we estimated comparable PPV of 87.5% and 87.6% and NPV of 
99.8% for both assays for a realistic prevalence of 5% [28]. Our results 
reveal that clinical performance of both assays highly depends on the 
tested population. Whereas there are large discrepancies if outpatients 
are tested, who have a high pre-test probability; differences are almost 
neglectable when optimized cutoffs are applied for population based 
screening approaches with low pre-test probability. However, reliable 
serological tests are urgently required in the event of a secondary or 
even seasonal recurrence of the virus. Assuming that increased antibody 
levels correlate with the recovery and protection of COVID-19 [29], 
public testing could help governments to determine when to ease lock
down measures or to allocate healthcare workers. Therefore, a speci
ficity or PPV > 99% for serological tests seems necessary. However, it is 
unclear if antibodies against the SARS-CoV-2 nucleocapsid or the spike 
protein have protective characteristics over a long period of time [30]. 

A limitation of our study is that symptom onset was subjectively 
reported and that this information was retrieved by manual medical 
record review. The study was limited by the sample size and the number 
of serum samples was not equally distributed over the observational 
period, consequently influencing the accuracy. Moreover, only two 
manufacturers were compared. Hence, obtained results cannot be 
generalized to other SARS-CoV-2 serologic assays. It also needs to be 
considered that cutoff optimization may improves detection of outpa
tient COVID-19 cases at the expense of other applicability including 
identification of convalescent plasma donors. 

In conclusion, our study indicates that the compared SARS-CoV-2 
serological assays differ in clinical performance, especially when low 
or even asymptomatic outpatients are tested. Furthermore, our results 
revealed clear limitations for additional anti-SARS-CoV-2 IgA or IgM 
measurements for screening approaches. 
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