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Nucleocapsid serum antigen determination in SARS-CoV-2 | &
infected patients using the single molecule array e
technology and prediction of disease severity

To the Editor,

We read with interest the paper of Li et al. reporting serum
amyloid A (SAA) as a possible biomarker to evaluate the severity
of coronavirus disease and progression. (1) They found that the
ratio of SAA to lymphocyte (SAA/L) was significantly increased in
critically severe patients. A recent meta-analysis also supports the
use of this biomarker to assess the severity of the disease although
a high heterogeneity among the studies was reported. (2) Other
biomarkers have also been linked with disease severity and com-
plications and we would like to share our data regarding the as-
sociation between the level of SARS-CoV-2 nucleocapsid antigens
and the severity of COVID-19.

Eighty-one unvaccinated patients with documented nasopha-
ryngeal (NP) RT-PCR positive for SARS-CoV-2 (eSwab tubes; Co-
pan Italia, Brescia, Italy) for which a serum sample (BD SST II Ad-
vance®; Becton Dickinson, NJ, USA) was obtained within 12 h of
NP sampling were included. The median delta collection time was
1 min (10th - 90th percentiles: —74 to 183 min). Thirty-six patients
(44.4%) were women (median age = 77 years, min-max = 20-
97) and 45 (55.6%) were men (median age = 76.5 years, min-
max = 33-94). Eighteen patients were categorized as asymptomat-
ics (WHO score of 1), 6 as symptomatic ambulatory mild disease
(WHO score of 2 and 3), 43 as symptomatic hospitalized moder-
ate disease (WHO scores of 4 and 5) and 14 as symptomatic hos-
pitalized severe disease patients (WHO score of 6 to 10). Eleven
patients died (WHO score of 10). The mean time since symp-
toms was 5.5 days (standard deviation (SD): 4.4) and 7.1 days (SD:
7.2) in non-severe (WHO scores of 2 to 5) and severe patients
(WHO score of 6 to 10), respectively. The SARS-CoV-2 nucleocap-
sid (N) antigen was quantified automatically in patient sera by
a Single Molecular Array (Simoa) immunoassay using the Simoa
HD-X analyzer (Quanterix, Massachusetts, USA), as described else-
where. (3) The results are quantitative and expressed as pg/mL.
Serum samples that provided results upper the calibration range
were retested using a 1000-fold dilution. The LOD of the assay is
0.099 pg/mL and was considered as positivity cut-off. The within-
run coefficient of variation (CV) is less than 10% according to the
information of the manufacturer. RT-PCR was performed on the
GeneXpert instrument (Cepheid, California, USA) using the Xpress
SARS-CoV-2 assay targeting N2 and E genes for the majority of
the samples and on a the LightCycler 480 Instrument II (Roche
Diagnostics, Rotkreuz, Switzerland) using the LightMix Modu-
lar SARS-CoV E-gene set for very few samples obtained during
day-care.

https://doi.org/10.1016/j.jinf.2022.01.023

The mean Ct values obtained by RT-PCR were significantly
lower in case of serum antigen positivity (p < 0.0001, unpaired
t-test) (Fig. 1A). Using a Ct threshold of 33 as a surrogate of
contagiousness(4), the clinical sensitivity was 100% and the clin-
ical specificity was 92.3%. Indeed, patients with low viral load
(i.e. Ct > 33) have a very low risk of being infective and capa-
ble of transmitting the virus. Therefore, the NP RT-PCR positivity
in these subjects may be attributable to residual low viral load(4).
Wang et al. also found that negative plasma N antigen in COVID-
19 patients corresponded to higher Ct values (38.2 = median;
IQR = 37.4-39.2). (5) Highly significant correlations were found
between RT-PCR results and antigen levels (Pearson r = —0.61;
p < 0.0001) (Fig. 1B). Other studies found a clinical sensitiv-
ity ranging from 85.2% to 93.0% (5-7) in patients that developed
symptoms up to maximum two weeks. The clinical sensitivity in-
creased to 94.2% to 100% considering samples collected within the
first days since the onset of symptoms. After 2 weeks, the clin-
ical sensitivity progressively decreased to values comprised be-
tween 43.2% to 74.5%. (3, 5-7) Given that the peak of N antigens
is reached after 7 days, as for the viral load in NP samples, (8)
and that a continuous decline is observed afterwards, the tim-
ing since symptoms is therefore essential for the evaluation of
antigenemia.

Interestingly, we found that N antigen levels were significantly
increased in severe patients (median = 7673 pg/mL) compared to
moderately affected (351.6 pg/mL, p = 0.0174) and asymptomatic
patients (median = 4.6 pg/mL, p < 0.0001). Moderate patients
also had significantly higher antigen levels compared to asymp-
tomatic subjects (p = 0.0030) (Fig. 2A). Using ROC curve analy-
sis for the classification of hospitalized (WHO score of 4 to 10)
versus non-hospitalized patients (WHO score of 1 to 3), a cut-
off of 1631.9 pg/mL was identified (sensitivity = 45.6%, speci-
ficity = 95.8%; AUC = 0.76, p < 0.0001) (Fig. 2B - green line).
This AUC was similar to the one found by Li et al. using SAA/L
for clinical classification (i.e. AUC = 0.75)(1). For the classifica-
tion of severe (WHO score of 6 to 10) versus non-severe patients
(WHO score of 1 to 5), a cut-off of 4039.4 pg/mL was identi-
fied with a sensitivity of 64.0% and a specificity of 89.0%. The
calculated AUC was 0.84 (p < 0.0001) (Fig. 2C - green line).
Higher concentrations of N antigens were also observed in other
studies in more severe patients (3, 5, 7, 9, 10) as well as pos-
itive correlations with inflammatory biomarker levels (i.e. CRP
or IL-6). (9, 10)

Our study confirms that severe patients exhibit higher N anti-
gen levels compared to non-severe at the time of diagnosis. This
may help in patients’ triage and monitoring of those more prone
to develop a severe form of the disease. Compared to N antigen
levels in serum, Ct values of RT-PCR were less associated to sever-
ity, especially considering the hospitalization status (Fig. 2B and C
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Fig. 1. [A] Positive and negative antigen results in serum according to RT-PCR cycle threshold values in nasopharyngeal samples. The gray dotted line corresponds to a cycle

threshold of 33. [B] Linear regression of cycle threshold results obtained by RT-PCR versu:

s antigenemia measured on the Simoa. The gray dotted line on the Y-axis represents

positivity cut-off for N antigens. The gray dotted line on the X-axis corresponds to a cycle threshold of 33.
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Fig. 2. [A]Antigenemia and RT-PCR results according to the WHO clinical progression sc
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ale on samples obtained on the day of diagnosis, i.e. within 12 h since the RT-PCR.

The red dotted line corresponds to the severity cut-off, as determined by the ROC curve analyze (see panel C). The gray dotted lines correspond to the positivity cut-off of
each antigen assay. Medians are represented on top of each whisker box. [B] ROC curve analysis for AUC determination according to the hospitalization status and [C] to the
severity status. The green line corresponds to N antigen results and the blue line to the Ct results.

- blue line). In our cohort, only asymptomatics had significantly
higher Ct values compared to severe patients (28.4 versus 18.8,
p = 0.037), an observation consistent with previous investigations.
(5)

In conclusion, sensitive N antigen determination in serum pro-
vides a valuable marker for COVID-19 diagnosis and evaluation of
severity. Further studies with more patients are needed to comple-
ment our data. A better discrimination of N antigen levels based
on the days since symptoms as well as correlation with antibody
seropositive are also needed.
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