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To the Editor,

The COVID-19 pandemic, caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) and first described in December
2019 in Wuhan, continues to spread globally. In European countries
and UK, the 14-day case notification rate was reported to be 21.5
(country range: 2.2-209.5) per 100,000 population on August 27 with
an increasing trend with respect to July 19" [1]. These results, de-
monstrated that, despite the surveillance programs for containing viral
spread [2], a stationary transmission of SARS-CoV-2 among individual,
both within and between European countries, is still active. There
documented raising trend in viral spread, however, calls for an im-
provement of efficacy of these programs, to isolate infected individuals
quickly, especially for high risk groups that should be not only promptly
identified but also monitored by enhanced comprehensive or sentinel
surveillance. In this scenario, serology testing for SARS-CoV-2 has been
recommended for the rapid triage of symptomatic individuals in com-
munity settings, for testing all contacts of people with confirmed in-
fection and for testing the viral spread in sentinel sites [3]. Further
important roles of SARS-CoV-2 immunoassays are in understanding the
virus epidemiology in the general population, and in identifying the
disease prevalence in categories at higher risk of infection (e.g.
healthcare workers) [4]. To accomplish these purposes, robust, reliable
and accurate results are required from commercial immunoassays
measuring serum antibody levels. Here we describe the clinical per-
formances of an ELISA (Novalisa NovaTec Immunodiagnostica, Diet-
zenbach, Germany) for the detection of SARS-CoV-2 IgA, IgM and IgG
and the comparison of results with the neutralization activity. Ac-
cording to the manufacturer’s claims, which we have verified, repeat-
ability and intermediate precision of these assays vary between 4.8%
and 10.6% for IgA, 2.7% and 11.9% for IgM, and 4.1% and 8.7% for
IgG, in results ranging from 0.2 to 20 Novatec units (NTU). A total of
171 leftover serum samples from 41 SARS-CoV-2 negative subjects (20
healthcare workers, 13 autoimmune patients, 8 pregnant women) and
130 COVID-19 patients (9 asymptomatic/mildly symptomatic re-
covered at home with supportive care and isolation, and 121 hospita-
lized, classified with moderate or severe disease following WHO interim
guidance [5]) were included in the study. All subjects underwent na-
sopharyngeal swab testing, analyzed by rRT-PCR as described else-
where [6]. Healthcare workers were considered negative on the basis of
at least three negative sequential rRT-PCR results obtained between
February 26™ and May 29", 2020. For patients, the mean time interval
from symptoms onset and the serological determinations was 24.6 days
(SD = 18.5; range 4-89 days). Among SARS-CoV-2 positive patients,
in a subset of 52 samples plaque reduction neutralization test (PRNT)
was also performed. In this assay, neutralization titer was defined as
reciprocal of the highest dilution resulting in a reduction of the control
plaque count > 50% (PRNTs,). Stata v16.1 (StataCorp, LakeWay Drive,

https://doi.org/10.1016/j.cca.2020.08.024

TX) was used for the statistical analyses. The study protocol (number
23307) was approved by the Ethics Committee of the University-Hos-
pital of Padova (Padova, Italy).

Considering the entire time frame (overall data), the diagnostic
performances calculated by the area under the receiver operating
characteristics curve (AUC) were 0.943 (95%CIL: 0.910-0.976) for IgA,
0.856 (95%CI: 0.800-0.912) for IgM and 0.934 (95%CI: 0.899-0.970)
for IgG. Performances (AUC) significantly differed for IgM with respect
to IgA (x> = 9.52, p = 0.002) and IgG (x> = 6.92, p = 0.008).
Diagnostic sensitivity and specificity, reported in Table 1, were assessed
considering overall data or two different periods (< 12 days and
=12 days) and calculated using both the manufacturer threshold (11
NTU) and the best cutoff, derived from Youden index. Findings from
overall data showed that IgG outperformed IgA and IgM. Instead, spe-
cificities were elevated for all assays and, in particular, for IgA and IgG
the upper 95% confidence limits were equal or above 99.9%. Marked
differences in performances were obtained for the two time-frames. As
expected, when the time frame < 12 days was considered, the diag-
nostic sensitivity of the three assays was very limited and the best
performances were found for IgA with a sensitivity equal to 65%, thus
confirming our previously reported findings, as in most patients in-
creased antibody levels should be detected only after 6-7 days post
symptom onset (PSO) [7-9]. Considering samples collected =12 days
after symptom onset, sensitivities were significantly higher, being IgG
values above 90%. After cutoff optimization, a relevant improvement
was achieved in both time-frame, especially for IgA and IgM. Positive
and negative likelihood ratios were also calculated, and the best results
were found for IgG. In addition, we have evaluate the neutralizing ac-
tivity against SARS-CoV-2 as it is considered the gold standard for as-
sessing the immune response. Results for neutralization PRNTs, values
were reported in Supplementary Fig. 1. The highest correlation was
found with IgM (rho = 0.582; p < 0.001), followed by IgG
(rho = 0.573; p < 0.001) and IgA (tho = 0.480; p < 0.001). These
results confirm previously published data by our group and by Perera
et al., who reported a significant correlation between PRNTso and IgM
ELISA results [10,11].

In conclusion, the Novalisa SARS-CoV-2 (COVID-19) immunoassay
provides excellent analytical and clinical performances, especially for
IgG. Our findings on PRNT5, demonstrate that neutralization titers are
positively correlated with immunoassays results, even if the strength of
the associations is limited. Improvement of the assay design, particu-
larly an enhancement of the dynamic range, might increase the asso-
ciation of Ab levels results with neutralization titers, ameliorating the
clinical utility of the assay.
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Table 1
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Clinical performances of Novalisa SARS-CoV-2 (COVID-19) IgA, IgM and IgG, obtained using as thresholds the value 11 NovaTec units (NTU) (claimed by manu-
facture’s inserts COVA940_20200416_EH, COVM0940_20200416_EH and COVG0940_20200416_EH) and the best cut-off defined by Youden index (obtained with the

Overall data).

Specificity® (95%CI)

PLR (95%CI)

NLR (95%CI)

Assay Threshold Time-frame Sensitivityiz (95%CI)
<12d 44.8 (26.4-64.3)
11 NTU >12d 75.7 (66.3-83.6)
Overall 69.0 (60.3-76.8)
SARS-CoV-2 IgA <124 65.5 (45.7-82.1)
6 NTU = 12d 84.5 (76.0-90.9)
Overall 80.6 (72.7-87.0)
<12d 27.6 (12.7-47.2)
11 NTU >12d 53.4 (43.3-63.3)
Overall 48.8 (39.9-57.8)
SARS-CoV-2 IgM <124 48.3 (29.4-67.5)
5 NTU >12d 79.6 (70.5-86.9)
Overall 72.9 (64.3-80.3)
<12d 44.8 (26.4-64.3)
11 NTU >12d 90.3 (82.9-95.2)
Overall 79.8 (71.9-86.4)
SARS-CoV-2 IgG 9 NTU <124 48.3 (20.4-67.5)
=>12d 94.2 (87.8-97.8)
Overall 83.7 (76.2-89.6)

100.0 (91.6-100.0)

97.6 (87.4-99.9)

97.6 (87.4-99.9)

88.1 (74.4-96.0)

100.0 (91.6-100.0)

97.6 (87.4-99.9)

38.7 (2.4-626.2)
64.9 (4.1-1023.4)
59.2 (3.7-933.7)
27.5 (3.9-194.3)
35.5 (5.1-246.4)
33.9 (4.9-235.2)
8.1 (1.53-43.2)
15.3 (3.1-74.4)
20.5 (2.9-143.4)
4.1 (1.6-10.0)
6.7 (2.9-15.3)
6.1 (2.7-14.0)
38.7 (2.4-626.2)
77.3 (4.9-1217.2)
68.5 (4.4-1078.6)
20.3 (2.8-145.8)
39.5 (5.7-274.4)
35.2 (5.1-244.2)

0.56 (0.40-0.77)
0.25 (0.18-0.35)
0.32 (0.24-0.41)
0.35 (0.21-0.58)
0.16 (0.10-0.25)
0.20 (0.14-0.28)
0.74 (0.59-0.94)
0.48 (0.39-0.60)
0.52 (0.44-0.62)
0.59 (0.41-0.85)
0.23 (0.16-0.34)
0.31 (0.23-0.42)
0.56 (0.40-0.77)
0.10 (0.06-0.18)
0.21 (0.15-0.29)
0.53 (0.37-0.76)
0.06 (0.03-0.13)
0.17 (0.11-0.25)

PLR = positive likelihood ratio; NLR = negative likelihood ratio; d = days.

Subjects included in the analyses: Overall, n = 171; time frame < 12 d,n = 71 (positive and negative to SARS-CoV-2 rRT-PCT); time frame = d, n = 145 (positive

and negative to SARS-CoV-2 rRT-PCR).
§ Sensitivities and specificities values are expressed as percentages.
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