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Dear Editor,

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has caused the global outbreak of coronavirus dis-
ease 2019 (COVID-19). By far, more than 35 million people
had been infected by SARS-CoV-2, resulting in more than 1
million deaths globally. It is well recognized that SARS-
CoV-2 preferentially attacks pulmonary epithelial cells,
leading to acute respiratory distress syndrome (ARDS).
Remarkably, infected patients experience liver (Phipps et al.,
2020), kidney (Gabarre et al., 2020) or heart injury (Bavishi
et al., 2020), indicating the presence of multiple-organ dys-
function via viremia.

By far, viral detection in RNA extracted from nasophar-
yngeal swabs, saliva, sputum, and bronchoalveolar lavage
fluid has remained the standard etiological diagnostic pro-
cedure for COVID-19, with the detection rate ranging from
70% to more than 90% (Lippi et al., 2020). Paradoxically, the
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viral RNA detection rate is only 15%—-30% in blood samples
(Scohy et al., 2020; Mak et al., 2020). Moreover, hampered
by the low performance of the current technology, few stu-
dies have evaluated SARS-CoV-2 antigen levels in the
blood. The single molecular array (SIMOA™) ultrasensitive
platform employs enzyme-conjugated microscopic beads for
protein capture and enables antigen quantification at fem-
tomolar concentrations (Rissin et al., 2010). In the study, we
investigated whether the SIMOA method could determine
SARS-CoV-2 antigen levels in patients with COVID-19.

The general characteristics of the patients enrolled in the
study are presented in Table S1 in Supporting Information.
The patients were aged 57.9 years. Among 35 patients, 15
(42.9%) were males, 11 (31.4%) had histories of staying in or
traveling to Wuhan in 14 days before diagnosis, and 10
(28.6%) were severe or critically ill. Of the 10 severe or
critically ill patients, five experienced ARDS.

Assays measuring human plasma COVID-19 nucleocapsid
protein (N protein) expression have been developed using
the SIMOA method (Figure 1A), which is an ultrasensitive
ELISA technology with a detection limit in the fg mL™ range
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(Rissin et al., 2010). After a series of assay optimizations, we
achieved the best working performance with an assay limit of
detection (LOD) of 0.0157 pg mL " and limit of quantitation
of 0.068 pg mL " This represents a nearly 3,000-fold in-
crease of sensitivity compared with that of the commercially
available N protein ELISA kit. Therefore, this permitted us
to measure viral antigen levels directly in patients’ blood.

Thereafter, all plasma samples were analyzed, and the
findings were compared with the qPCR results of pharyngeal
swabs. Patients with COVID-19 and positive or negative
qPCR results for SARS-CoV-2 RNA using pharyngeal
swabs were classified into the SARS-CoV-2-positive or
SARS-CoV-2-negative group, respectively. The mean aver-
age enzymes per bead (AEB) for plasma samples was 0.003
(95% confidence interval [CI]=0.002—0.004) for healthy
controls (n=27), versus 0.012 (95% CI=0.003—-0.022) for the
SARS-CoV-2-negative group (n=50, Figure 1B). Never-
theless, the mean AEB for plasma samples was 0.078 (95%
CI=0.012-0.145) in the SARS-CoV-2-positive group (n=39,
Figure 1B). Accordingly, the corresponding circulating N
protein levels averaged 0.02 pg mL™ (95% CI=-0.02-0.06)
in the healthy control group, 0.86 pg mL™ (95% CI=-0.18-
1.91) in the SARS-CoV-2-negative group, and 9.47 pg mL™
(95% CI=1.03-17.9) in the SARS-CoV-2-positive group
(Figure 1C). Of 39 plasma samples obtained from patients in
the SARS-CoV-2-positive group, circulating N protein was
detected in 29 samples (74.4%). By contrast, among 50
plasma samples in the SARS-CoV-2-negative group, N an-
tigen was detected in 16 specimens (32.2%). Thus, the de-
tection rate of circulating N protein was 2.3-fold higher in the
SARS-CoV-2-positive group than in the SARS-CoV-2-ne-
gative group (74.4% vs. 32.0%, P=0.0001).

Finally, the kinetics of circulating N antigen was compared
with the gPCR results for pharyngeal swabs in individual
patients. Among 10 patients with severe or critically severe
illness, circulating N protein was detected in six patients with
SARS-CoV-2 RNA positivity and one patient with suscep-
tible virus present in pharyngeal swabs (Figure 1D). Inter-
estingly, N antigen was also identified in two patients with
severe COVID-19 despite SARS-CoV-2 RNA negativity in
pharyngeal swabs. N antigen was not detected in one SARS-
CoV-2-positive patient. In three of four patients who died of
COVID-19, circulating N antigen levels were either high or
maintained at different time points (Figure 1E).

Concerning 25 patients with mild COVID-19, N antigen
was detected in the blood of 13 patients with positive qPCR
results for SARS-CoV-2 in pharyngeal swabs (Figure 1F). N
antigen in the blood was detected in five patients with ne-
gative SARS-CoV-2 RNA results for pharyngeal swabs. N
protein was not detected in seven patients with positive
qPCR results for SARS-CoV-2.

Concerning the main findings of the study, (1) circulating
N protein could be quantified at the pg mL ™" level via the
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SIMOA method, and its levels accurately discriminated
healthy controls from patients with COVID-19. (2) Com-
pared with positive results for SARS-CoV-2 in respiratory
samples using qPCR, the detection rate of N antigen was
74.4% in plasma samples. (3) Circulating N antigen levels
were high or sustained in three of four patients who died of
COVID-19, suggesting the presence of N antigen in the
blood might be a potential risk factor, which is worthy of
further investigation.

Accumulating evidence indicates that the respiratory sys-
tem is the main target of SARS-CoV-2. When dissecting the
causes of mortality in 85 patients, respiratory failure, shock
and ARDS were identified in 94%, 81%, and 74% of cases,
respectively (Huang et al., 2020). In the study, we also used
the SIMOA method to detect the N protein in pharyngeal
swabs. However, no significant difference of circulating N
protein levels was observed between SARS-CoV-2-negative
and SARS-CoV-2-positive swabs according to qPCR
(P>0.10). One possible reason could be that we did not use
detergent to degrade the cell membrane for N antigen release.
Alternatively, the viral load could be below the LOD in these
samples.

Because of the low performance of current technology
(Lippi et al., 2020), it remains unclear whether SARS-CoV-2
could circulate in the blood and infect other organs for fur-
ther destruction. In clinical practice, inconsistent results have
been obtained using qPCR for SARS-CoV-2 in RNA ex-
tracted from respiratory samples because of the different
methods of specimen collection, RNA quality after extrac-
tion, and sensitivity of qPCR amplification (Yuan et al.,
2020). Thus, quantification of antigen levels in the blood
could supplement qPCR assays for diagnosis and improve
our understanding of disease progression. Compared with
gPCR results as the standard criteria, the SIMOA method
achieved a detection rate of 74.4% for N antigen in the blood
in patients with COVID-19. To the best of our knowledge,
this is by far the highest detection rate reported. Moreover,
circulating N protein detected using the SIMOA method
discriminated patients with COVID-19 from healthy con-
trols. In our study, circulating N antigen was also detected in
patients with COVID-19 whose qPCR results for pharyngeal
swabs were negative, supporting the added value of N anti-
gen measurements in the blood for disease diagnosis and
severity assessments. However, some limitations of this
study deserve mention. First, we could not clarify the entire
time course of blood samples in some patients. Second, the
qPCR results of swabs indicated the presence of susceptible
virus in several specimens. Finally, each run of the assay
required 2 h, indicating that further optimization is needed.

In summary, using SIMOA technology, N antigen levels in
circulation were detected in 74.4% of plasma samples from
patients with COVID-19 compared with the qPCR results.
Blood antigen quantification could serve as a supplement to
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Figure 1 Single molecular array (SIMOA) analysis of nucleocapsid protein (N protein) in the blood of patients with coronavirus disease 2019 (COVID-19).
A, Mechanisms of SIMOA for N protein detection. B, The number of average enzymes per bead (AEB), representing a parameter for N protein quantification,
was calculated using plasma samples from healthy controls and patients with COVID-19 for whom qPCR assays for SARS-CoV-2 using pharyngeal swabs
were positive or negative. C, Plasma levels of the N protein in patients with COVID-19 who had positive or negative qPCR results for SARS-CoV-2 using
pharyngeal swabs. Data are expressed as the mean with 95% confidence intervals. D and E, The kinetics of circulating N protein in patients with severe
COVID-19. F, The kinetics of circulating N protein in one patient with mild COVID-19. Positive and negative qPCR assays for SARS-CoV-2 in pharyngeal

swabs are indicated by red “plus” and blue “minus” symbols, respectively.

gPCR for disease diagnosis, especially for SARS-CoV-2-
negative respiratory samples according to qPCR.
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