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To the Editor,

COVID-19 is an ongoing pandemic condition caused by SARS-CoV-2
infection, characterized by a broad spectrum of clinical signs, ranging
from asymptomatic or mild to severe illness that requires hospitalization
and mechanical ventilation [1]. Currently, diagnosis of COVID-19 de-
pends only by the detection of SARS-CoV-2 RNA by real-time polymer-
ase chain reaction (PCR), which is considered the “gold standard” to
achieve the diagnosis [2].

Compelling evidence revealed the ability of SARS-CoV-2 to cause
widely different pathological conditions, including hematological, car-
diovascular, renal, gastrointestinal, and neurological signs [1]. These
systemic clinical manifestations of COVID-19 suggest the possibility that
the spread of SARS-CoV-2 within extra-pulmonary sites may occur via
blood flow. In this scenario, over the last few months several research
groups have investigated the presence of viral particles in the blood of
SARS-CoV-2 infected subjects [1,3,4]. For instance, detection of viral
RNA in the sera from COVID-19 patients has been observed; indeed,
Chen et al. revealed that serological levels of SARS-CoV-2 RNA from
COVID-19 patients associated with high interleukin (IL)-6 concentration
and poor prognosis [5]. On the contrary, Zheng and co-workers reported
no significantly correlation between serum viral RNA levels and the
grade of disease severity in COVID-19 patients [3]. It is likely that these
contrasting results are due to the high instability of viral RNA molecules
[4], underlying the requirement of other more sensitive assays.

Very recent published evidence suggested that detection of viral
proteins in the blood might represent a novel approach to improve
diagnosis of COVID-19 [6,7], the association between serum levels of
SARS-CoV-2 antigens and inflammatory molecules is not completely
explored, to date.

Here, we evaluated the circulating levels of SARS-CoV-2 N-antigen in
serum from hospitalized COVID-19 patients and its correlation with
inflammatory status, measured as C-Protein Reactive (CRP) levels.

To this aim, serum samples from a large cohort (n = 233) of hospi-
talized COVID-19 patients and from healthy individuals (n = 61) (see
Supplementary Table 1 for baseline characteristics) were analyzed to
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detect SARS-CoV-2 N-antigen, by using Lumipulse® G SARS-CoV-2 Ag
CLEIA. COVID-19 subjects expressed SARS-CoV-2 N-antigen in the
blood, while no detectable amounts were observed in healthy in-
dividuals (Fig. 1A). Specificity of this assay was 100% (95% confidence
interval (CI) 98.4-100) and sensitivity was 62% (95% CI 56.4-68.0).
Further, in a subgroup of COVID-19 subjects (n = 36), evaluation of
SARS-CoV-2 N-antigen from time of diagnosis (T0) to recovery (T2)
revealed that circulating levels of the N-antigen progressively decline
overtime (Fig. 1B).

The N-protein is a highly immunogenic and abundantly expressed
protein during SARS-CoV-2 infection, which participates in RNA pack-
age and viral replication [8]. It is likely that both N-protein and viral
RNA circulate in peripheral blood, as viral particles. However, compared
to the high instability of viral RNA [4], proteins are more stable with a
lower rate of degradation, thus persisting in the circulation longer that
viral RNA. In this study the presence in the serum of both SARS-CoV-2 N-
antigen and RNA was found only in a subgroup of the above-mentioned
COVID-19 patients (data not shown), supporting the concept that
detection of protein is more sensitive compared to RNA measurement.

Other research groups have recently measured SARS-CoV-2 antigens
in the blood of COVID-19 affected individuals, by using different com-
mercial assays [6,7]. Among these, Ogata and co-workers detected
SARS-CoV-2 N and spike (S)1 antigens in the plasma of patients with
COVID-19, and found that concentrations of S1 antigen positively
associated with intensive care unit (ICU) admission [7].

Similarly, we observed that the serum levels of SARS-CoV-2 N-anti-
gen was higher in COVID-19 patients admitted to ICU (Supplementary
Table 2).

Next, patients were stratified on the basis of serum CRP levels, as
mild (< 5 mg/L), moderate (6-20 mg/L) and severe (21-80 mg/L)
COVID-19 subjects (Supplementary Table 3) to ascertain a possible as-
sociation between serum SARS-CoV-2 N-antigen and inflammatory sta-
tus. This analysis indicated that serum SARS-CoV-2 N-antigen
concentration progressively increased together with inflammatory sta-
tus and disease severity, as patients with higher levels of CRP had high
concentration of SARS-CoV-2 N-antigen in the blood (Fig. 1C, and
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Fig. 1. Detection of SARS-CoV-2 N-antigen in the
serum of COVID-19 patients associates with inflam-
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Supplementary Table 3). Our study is the first associating SARS-CoV-2
N-antigen concentration in the blood of COVID-19 patients with in-
flammatory status and disease severity, measured as CRP levels. It is well
known that CRP correlated with the inflammation status, thus it can
activate the complement, enhance phagocytosis and favor the release of
pro-inflammatory cytokines [9]. Further, CRP concentrations are not
affected by demographical factors such as age, sex and physical condi-
tion [10]. Recent findings revealed that CRP levels are positively asso-
ciated with lung lesion and disease severity in COVID-19 patients,
suggesting that higher levels of CRP reflect a more severe disease and
worse prognosis [10]. Therefore, it may be a suitable marker for the
diagnosis and assessment of severe lung injury in COVID-19 individuals.

Although it is not clear whether circulation of viral proteins impact
on physiopathology of COVID-19, detection of SARS-CoV-2 N-antigen
may have important clinical implications. For example, it may represent
an innovative molecular biomarker to monitor COVID-19 patients with
different systemic inflammatory response. However, additional studies
are required to define whether the presence of viral particles in the blood
could account for systemic diffusion and multi-organ involvement in
SARS-CoV-2 infection.

In conclusion, our findings revealed that serum levels of SARS-CoV-2
N-protein associated with inflammation, disease severity and overtime
progression in hospitalized COVID-19 patients. Despite detection of
SARS-CoV-2 N-protein in the blood cannot be use as diagnostic tool, it
may represent an additional valuable approach to help in monitoring
COVID-19 viral load and disease progression.
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