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The presence of neutralizing antibodies against SARS-CoV-2 in a large number of people is – besides cellular 

immunity – important to overcome the SARS-CoV-2 pandemic. While determination of neutralizing antibodies 

via virus neutralization tests are laborious, assays to determine the antibody levels serologically are fully auto- 

mated and widely available. Correlations between these methodologies were recently given by the manufacturers, 

however performance in samples close to the cut off value have not yet been fully validated. 

Thus, we analysed 22 borderline and low positive ( < 100 BAU/ml) samples and 9 high positive 

( ≥ 100 BAU/ml) from infected and/or vaccinated individuals and compared the SARS-CoV-2 IgG II Quant assay 

(Abbott), LIAISON SARS-CoV-2 TrimericS IgG (Diasorin), Elecsys Anti-SARS-CoV-2 S (Roche), and SARS-CoV-2 

IgG (Siemens) with results obtained from a virus neutralization test. 

Based on the cut off values given by Abbott, Diasorin, Roche, and Siemens, the positive serologic results were 

concordant with the virus neutralization test in 100%, 76%, 88%, and 71%, respectively, while in turn, negative 

ones were in agreement in 29%, 79%, 93%, and 86%, respectively. 

In conclusion, weakly positive, serologic results are challenging to correctly predict the presence of neu- 

tralizing antibodies. Our study suggests, that different cut off values (for positivity vs. presence of neutralizing 

antibodies) could improve the test’s performance, but determination thereof requires more samples to be anal- 

ysed. 
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rief communication 

A key-step to overcome the corona pandemic is a high percentage

f people having recovered from an infection or have been vaccinated

n order to get a sufficient cellular and/or humoral immune response.

old-standard to assess the extent of humoral response are virus neu-

ralisation tests using viable viruses to quantify the presence of neutral-

zing antibodies. As they require specialized laboratory equipment and

iosafety measures (level 3), they cannot be performed at large scale

or population wide studies. Modifications thereof, such as pseudovirus

eutralization tests or surrogate virus neutralisation tests can be con-

ucted with a reduced workload under lower safety levels but are still

ore time consuming than fully automated high throughput SARS-CoV-

 serologic assays to quantify antibodies against SARS-CoV-2. However,
Abbreviations: VNT, virus neutralization titre; PPA, positive percentage agreemen
∗ Corresponding author. 

E-mail address: markus.anliker@tirol-kliniken.at (M. Anliker). 

ttps://doi.org/10.1016/j.jcvp.2021.100058 

eceived 23 August 2021; Received in revised form 29 November 2021; Accepted 6 

667-0380/© 2021 The Authors. Published by Elsevier Ltd. This is an open access ar

 http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
he latter not necessarily measure neutralizing antibodies, thus manu-

acturers have recently evaluated the correlation of their quantitative

ntibody assays with virus neutralization titres (VNT), and have sub-

equently provided this information and cut-offs as surrogate for virus

eutralization tests. Furthermore, external clinical correlation studies

ere performed and published [ 1 –7 ]. The correlation studies were usu-

lly performed across a broad range of (mainly high) antibody levels

gainst SARS-CoV-2. Interpretation of borderline reactive and weakly

ositive antibody results remains challenging in clinical practice. As

f yet the correlation between antibody test results and neutralization

itres stated by the manufacturers apply only for convalescent patients

fter COVID-19 infection but do not necessarily apply to subjects after

accination. For both groups of subjects the exact cut-off of the differ-
t; NPA, negative percentage agreement; TPA, total percentage agreement. 
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Table 1 

Patient sample characteristics. 

Gender 

Female 18 

Male 13 

Patient age median (IQR) 46 (36;57) 

Sample composition ∗ total 

Negative ( < 3 BAU/ml) 1 

Borderline (6–16 BAU/ml) 17 

positive (30–100 BAU/ml) 4 

Highly positive ( > 100 BAU/ml) 9 

Total 31 

Abbreviations: IQR, interquartile range. 
∗ Sample selection based on the Abbott test. Antibody levels in a 

range from 6 to 16 BAU/ml around the off value of the manufacturer 

(7.1 BAU/ml) were considered borderline in our setting. 
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None declared. 
nt antibody tests which grossly guarantees a positive VNT has to be

stablished urgently and harmonized among laboratories. 

Therefore, as part of our clinical routine assay validation, we briefly

nvestigated the agreement between antibody levels especially in the

orderline range and a VNT, including samples of vaccinees. We first

pplied our routinely used assay, the SARS-CoV-2 IgG II Quant assay

Abbott) to identify negative, borderline, and (high) positive samples

 Table 1 ) in respect to the manufacturer’s cut off value for positivity

7.1 BAU/ml), above which a 100% positive agreement with positive

eutralization titres is predicted by Abbott. In addition, we also anal-

sed in parallel these samples with the following quantitative assays:

IAISON SARS-CoV-2 TrimericS IgG (Diasorin), Elecsys Anti-SARS-CoV-

 S (Roche), and SARS-CoV-2 IgG (Siemens) using the cut off values of

3.8 BAU/ml, 15 BAU/ml, and 21.6 BAU/ml, respectively. A virus neu-

ralization test with authentic, live SARS-CoV-2 virus was conducted

s described [8] and TCID50 virus neutralisation titres equal or higher

han 4 were considered as positive. Details on sample characteristics are

iven in Table 1 . 

Based on the above-mentioned cut off values for positivity, the cor-

elations between the serologic tests and the VNT are shown in Fig. 1 ,

espective pivot tables and calculations are given in supporting Table

1. Under the restriction of the small number of samples, the assays

rom Abbott, Roche and Diasorin exhibited similar Spearman’s correla-

ions (r S ) with the virus neutralization test (r S = 0.80, r S = 0.81, and

 S = 0.76, respectively) while the correlation was weaker in the case of

iemens (r S = 0.62). These correlation coefficients of the small cohort

re in line with the recently published correlation of the Siemens assay

ith the VNT [1] in a larger cohort (r S = 0.843). The virus neutralization

est, which was used as the reference method in our study, identified the

resence of neutralizing antibodies ( i.e. VNT ≥ 4) in 17 out of 31 sam-

les. Out of the 17 samples with neutralizing antibodies, 17, 15, 13,

nd 12 samples exhibited serological levels above the respective cut off

alues for Abbott, Roche, Diasorin, and Siemens, respectively. The 14

egative samples in the VNT were determined negative serologically in

, 13, 11, and 12 cases, respectively. Thus, Abbott exhibited the highest

PA (100%, 17/17 positive samples) but in turn the lowest NPA (29%,

.e. 4/14 negative samples) when using the manufacturer’s cut off. In

urn, Roche gave the highest NPA (93%) while still possessing a high

PA (88%) in our setting. This is also reflected in the TPA, where Roche

erformed best (90%) followed by Diasorin (77%), Siemens (77%) and

bbott (68%). 

Briefly, we compared the performance for the low positive samples

nly ( i.e. exclusion of the 9 samples above 100 BAU/ml). In this case

Table S1) the TPA is less affected in the case of Roche (86%) compared

o Diasorin (68%), Siemens (68%) and Abbott (55%). 

In a last step, we identified for each assay the sample with

he lowest antibody concentration above which all samples re-

ulted in a positive VNT in our setting (in comparison to the

anufacturers’ cut off): Abbott ≥ 48 BAU/ml (7.1 BAU/ml), Dia-
2 
orin ≥ 82 BAU/ml (33.8 BAU/ml), Roche ≥ 26 BAU/ml (15 BAU/ml),

iemens ≥ 39 BAU/ml (21.6 BAU/ml). Due to the small number of sam-

les, these values should not be considered as suggestions for improved

ut off values, but raise concern that – for all assays – weakly/low pos-

tive results can be challenging to interpret in regard to their clinical

eaning although in general a good qualitative agreement has been

eported for various antibody tests with VNT in larger populations of

OVID-19 patients or vaccinees [ 2 , 7 ]. False positive serologic results

re more critical than false negative ones as they pretend the presence

f neutralizing antibodies. To resolve this, establishment of different cut

ff values, one to detect antibodies and (a higher) to correlate with neu-

ralizing antibodies, is suggested as already given only by Roche (15

AU/ml compared to 0.8 BAU/ml as cut-off for reactivity). In addition,

he Roche assay detects all classes of high affinity antibodies. Sterlin

t al. showed that IgA dominates the neutralizing response especially

n the early stage ( < 28 d after symptom onset) [9] . These may be the

easons why Roche exhibited the best qualitative agreement in our set-

ing while the other manufacturers suggest the same cut-off value for

oth questions and only detect IgG antibodies. Nevertheless, discrepant

esults persisted to a different extend for all assays. In our point of view,

his is due to the lack of standardized procedures to validate the corre-

ation to neutralization antibodies, including (1) limited information on

ample selection and range of antibody concentration in the manufac-

urers’ cohorts, (2) use of different methodologies (virus neutralization

est in the case of Abbott, Diasorin and Siemens vs. an in vitro surrogate

LISA for neutralizing antibodies in the case of Roche) and (3) differ-

nt targets and antibody populations evaluated by the various serologic

ssays: total, high affinity antibodies (including IgG) against S1-RBD in

he case of Roche, IgG against the entire trimeric S-protein (Diasorin),

gG against the S1-RBD domain only (Abbott, Siemens). Virus neutral-

zation tests on the other hand are able to detect all antibody isotypes

ith neutralizing activity targeting the S1-RBD but also other neutral-

zing epitopes on the spike protein: Non-RBD spike antibodies, such as

he N-terminal directed ones were found to be protective in convales-

ent plasma donors [10] and thus these antibodies should contribute to

he results obtained with the Diasorin assay (entire Spike protein) and

NTs. 

In conclusion, SARS-CoV-2 antibody tests are valuable to indicate

revious infection as well as a serological response to previous infection

r vaccination against COVID-19. 

However, especially weakly positive antibody levels should be in-

erpreted with caution regarding the presence of neutralizing antibody

evels based on the manufacturer’s cut off values. Doing so, false posi-

ive results may be predicted and therefore, re-evaluation of these cut

ff based on a larger number of borderline samples is recommended.

n addition, all these correlations are only in vitro -based and neither a

linically protective (lowest) antibody level nor a protective virus neu-

ralization titre is yet established. 

thical statement 

All procedures were in accordance with the ethical standards of the

nstitutional and/or National Research Committee and with the 1964

elsinki declaration and its later amendments. We only used retrospec-

ive data, which were part of the routine diagnostics (determination of

ntibodies against SARS-COV-2, e.g. ), and analysed remnant samples (no

dditional blood draw) for comparative assay validation purposes dur-

ng the ongoing COVID-19 pandemic. This investigation had no effect

n the treatment of the patients studied. 
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Fig. 1. Correlation of the Abbott (SARS-CoV-2 IgG II Quant), Diasorin (TrimericS), Roche (Elecsys Anti-SARS-CoV-2 S) and Siemens (SARS-CoV-2 IgG) 

antibody assay results with virus neutralization titres in 31 borderline or weakly positive samples in the Abbott assay . The black dotted lines depict the 

manufacturer’s cut-off for detection of neutralizing antibodies (7.1, 33.8, 15 BAU/ml, respectively) or the cut off for positivity if no statement from the manufacturer 

was given (21.6 BAU/ml, Siemens) and for the VNT (titre ≥ 4). The red dashed line exhibits the experimentally found values, above which all samples of this cohort 

showed a positive VNT. 
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