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To the Editor,

Rapid and accurate measurement of SARS-CoV-2 neutral-
izing antibodies (nAbs) may aid in understanding the
development of immunity against COVID-19 and, there-
fore, is an important tool in mitigating COVID-19
pandemic. The majority of current point-of-care (POCT)
antibody tests developed for SARS-CoV-2 rely on lateral
flow assays, but do not offer quantitative information on
neutralizing antibodies (Abs) titers. To address this issue,
we evaluated the diagnostic performance of a rapid
SARS-CoV-2 nAb detection test called “iRapid SARS-CoV-2
Quant Neutralizing Abs” (DIESSE Diagnostica Senese
S.p.A, Siena), a semi-quantitative membrane-based rapid
immunoassay for the detection of IgG antibodies directed
against the receptor binding domain (RBD) of SARS-CoV-2.
Briefly, a recombinant SARS-CoV-2 RBD protein is conju-
gated with colloidal gold nanoparticles; the patient spec-
imen is placed to the pad of the strip (S) and thereafter,
two drops of buffer are added. The antibodies against
SARS-CoV-2 RBD in the sample will bind to RBD protein
coated to colloidal gold present in the conjugate paper.
The mixture then migrates upward on the membrane

chromatographically by capillary action and reacts with
the monoclonal anti-human IgG in the test line region. The
results are shown as coloured lines, the colour intensity
being proportional to antibodies concentration, measured
in binding antibody units (BAU/mL), calculated with
reference to the first international standardWHO 20/136 for
anti-SARS-CoV-2. For practical purposes, Neutralizing” Ab
titers are classified according to the following cutoffs: <300
BAU/mL (as negative), 450 BAU/mL, 600 BA (/mL), 800
BAU/mL, >1,000 BAU/mL (Figure 1).

The results have been compared with the “gold stan-
dard”, that is the micro‐neutralization assay (MN). This is
currently considered the gold‐standard method being the
most specific and sensitive serological assay capable of
evaluating and detecting functional neutralizing anti-
bodies (nAbs). In this study, a live virus‐based MN assay is
presented for the quantification of SARS‐CoV‐2‐specific
nAbs in human serum samples by classical method of
detection: a read‐out by checking the percentage of cyto-
pathic effect (CPE) in the cell monolayer. Briefly, serum
samples were heat-inactivated for 30 min at 56 °C; two-fold
serial dilutions, starting from 1:10,were thenmixedwith an
equal volume of viral solution containing 100 TCID50 of
SARS-CoV-2 virus. The serum-virus mixture was incubated
1 h at 37 °C in a humidified atmosphere with 5% CO2. After
incubation, 100 µL of each dilution mixture was added in
duplicate to a cell plate containing a semi-confluent VERO
E6 monolayer. The plates were then incubated for three
days at 37 °C in a humidified atmospherewith 5%CO2. After
three days of incubation, the plates were analyzed with an
inverted optical microscope. The highest serum dilution
able to protect more than the 50% of cells from CPE was
taken as the neutralization threshold. Using MN as a
reference, 299 serum specimens collected (period 1–30
July, 2021) from 149 patients vaccinated for SARS-CoV2
without previous COVID-19 (negative for antibodies
against SARS-CoV-2 nucleocapsid protein) and 150 sub-
jects non-vaccinated for SARS-CoV2 with confirmed
previous COVID-19 by antibodies against SARS-CoV-2
nucleocapsid protein have been investigated. In order to
evaluate previously infected individuals with SARS-CoV-2,
serial blood samples were tested for IgG antibodies
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against SARS-CoV-2 nucleocapsid protein using the
Abbott ARCHITECT i-system (Abbott, Maidenhead, UK)
immunoassay. Antibodies against viral proteins, including
nucleocapsid and spike, are produced in response to
SARS-CoV-2 infection [1] and probably correlate with im-
munity against reinfection [2]. There is also growing evi-
dence that previously infected individuals develop greater
antibody responses to SARS-CoV-2 vaccination than peo-
ple who have not been infected [3–5].

Table 1 shows the diagnostic performances of the
iRapid SARS-CoV-2 Quant Neutralizing Abs. Overall, the
rapid assay showed a very satisfactory diagnostic

performance, with high specificity (>99%) and a very close
qualitative and quantitative agreement between nAb
values determined by Rapid SARS-CoV-2 Quant Neutral-
izing Ab and theMN assay gold standard (Weighted Kappa
statistic 0.938; 95% confidence interval 0.899–0.978).

In summary, we have tested a new platform for
SARS-CoV-2 antibody detection, that is faster than current
POCT devices and offers a valuable semi-quantitative
information. The simplicity and low cost of the assay could
enable its widespread use and a range of applications,
including testing in low- and middle-income settings,
evaluation of the serostatus before vaccination, and post-
vaccination surveillance. This test offers the opportunity to
quickly assess nAbs levels as a correlate of protection,
procrastinating the booster (and saving doses) which
could be eventually carried out with vaccines updated on
the variants of concern (VOC).

Acknowledgments: We thank Alessandra Brogi, Mar-
inunzia Castria, Giulia Tesi (technical laboratory scien-
tists) for their valuable technical support and Diesse
Diagnostica Senese, for kindly supplying reagents without
any influence in study design and data analysis.
Research funding: None declared.
Author contributions: Conception and design: FB and
MP; Data collection: FB; Investigations: FB and MP;
Data analysis: SF and MC; Writing original: FB; Draft
preparation: FB; Revision: FB, MP. All authors have
accepted responsibility for the entire content of this
manuscript and approved its submission.
Competing interests: Authors state no conflict of interest.
Informed consent: Informed consentwas obtained fromall
individuals included in this study.
Ethical approval: Not applicable.

References

1. Tut G, Lancaster T, Krutikov M, Sylla P, Bone D, Nayakaur N, et al.
Profile of humoral and cellular immune responses to single doses
of BNT162b2 or ChAdOx1 nCoV-19 vaccines in residents and staff

Figure 1: Interpretation of results.
If the specimen contains IgG antibodies against SARS-CoV-2 receptor
binding domain at a concentration above limit of detection, a colored
line will appear in the test line region. If there are no IgG antibodies
against SARS-CoV-2 reception binding domain or to a lower
concentration than limit of detection, only the control linewill appear.
The test will be validated only if the control line appears, otherwise
the test is invalid and cannot be interpreted. The control line (C) is
composed by anti-RBD antibodies able to bind the RBD protein.

Table : iRapid diagnostic performances.

MN + MN− Total

iRapid +   

iRapid−   

Total   

SE (% CI) . (., .)
SP (% CI) . (., .)
PPV (% CI) . (., .)
NPV (% CI) . (., .)

SE, sensitivity; SP, specificity; PPV, positive predictive value;
NPV, negative predictive value.
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