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Abstract

Background: Many issues, such as severity assessment and antibody responses, remain to be answered eagerly for evaluation and
understanding of COVID-19. Immune lesion is one of key pathogenesis of the disease. It would be helpful to understand the
disease if an investigation on antigenemia and association was conducted in the patients with SARS-CoV-2 infection.

Methods: A total of 156 patients admitted to the First People’s Hospital of Hefei or Anhui Provincial Hospital on January to
February 2020 were involved in this study. SARS-CoV-2 nucleocapsid (NP) antigen, specific [gM/IgG antibodies, and RNA were
detected in sequential sera from three COVID-19 patients, and additional 153 COVID-19 patients by means of NP-antigen
capture enzyme-linked immunosorbent assay, colloidal gold quick diagnosis, and real-time RT-PCR, respectively. The clinical
types of COVID-19 patients were classified into asymptomatic, mild, moderate, severe, and critical, following on the Chinese
guideline of COVID-19 diagnosis and treatment. The demographic and clinical data of patients were obtained for comparable
analysis.

Results: NP antigen was detected in 5 of 20 sequential sera collected from three COVID-19 patients with typically clinical
symptoms, and 60.13% (92/153) expanded samples collected within 17 days after illness onset. No SARS-CoV-2 RNA segment
was detected in these sera. The NP positive proportion reached a peak (84.85%,28/33) on 6 to 8 days after illness onset. Both NP
concentration and positive proportion were increased with the increase of clinical severity of COVID-19. Compared to NP
negative patients, NP positive patients had older age [years, medians (interquartile ranges (IQR)), 49 (6) vs. 31 (11)], lower positive
proportion of NP specific IgM [27.17% (25/92) vs. 59.02% (36/61)], and IgG [21.74% (20/92) vs. 59.02% (36/61)] antibodies,
and longer duration [days, medians (IQR), 24 (10) vs. 21 (13)] from illness to recovery.

Conclusions: SARS-CoV-2 NP antigenemia occurred in COVID-19, and presented highly prevalent at early stage of the disease.
The antigenemia was related to clinical severity of the disease, and may be responsible for the delay of detectable SARS-Cov-2 IgM.
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Introduction

Since the emergence of the novel coronavirus (SARS-CoV-2)
causing the Coronavirus Disease 2019 (COVID-19), global
concerns are being raised because of its core with high
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transmissibility, high mobility, and motility.!"*! The virus has
caused global pandemic after undergoing only 3 months around
since it was first detected in the end of December 2019. Patients
with COVID-19 present a broad spectrum of clinical presenta-
tion from asymptomatic to severe life-threatening disease with
major complications like severe pneumonia, ARDS, acute
cardiac injury, and septic shock.">* The reports in 2020 showed
that 19% of 72,314 symptomatic patients in China progressed to
severe and critical illness with an estimated 1.4% symptomatic
case fatality risk.[>!

SARS-CoV-2 is the first one causing pandemic in coronavirus
family in traceable human history. Many issues associated with
the disease, such as severity assessment and antibody responses,
remain to be answered eagerly for evaluation and understanding
of the disease. In this study, we tested SARS-CoV-2 nucleocapsid
(NP) antigen in serial serum samples collected from the first three
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COVID-19 patients with typically clinical features, and
expanded tests to evaluate the seroprevalence of NP antigenemia
in 153 COVID-19 patients, and analyzed the demographic,
clinical, and antibody response features in these patients.

Methods
Ethical approval

Data collection and analysis of cases and close contacts were
determined by the National Health Commission of China to be
part of a continuing public health outbreak investigation and were
thus considered exempt from institutional review board approval.

Patients

A total of 156 (3 initially tested patients whom sequential serum
samples were collected from, and additional 153 COVID-19
patients) admitted to the First People’s Hospital of Hefei or Anhui
Provincial Hospital on January to February 2020 were involved in
this study. Those patients were confirmed with SARS-Cov-2
infection by real-time RT-PCR (rRT-PCR) based on the Chinese
novel coronavirus pneumonia prevention and control program
(3rd—4th ed.).[”! Serum samples were collected from these patients
for detections of viral antigen, rRT-PCR, and SARS-Cov-2 NP
specific IgM/IgG antibodies.

Data sources

Demographic and clinical characteristics data were obtained
with standardized data collection forms through interviews of
infected persons, relatives, close contacts, and health care
workers.

Clinical typing of COVID-19

Clinical typing of COVID-19 follows on the Chinese guideline of
COVID-19 diagnosis and treatment:!®" (1) Asymptomatic,
SARS-CoV-2 RNA detection is positive but no clinical
symptoms; (2) Mild, the clinical symptoms are mild, and there
was no signs of pneumonia on radiograph; (3) Moderate,
patients have pneumonia on radiograph with fever respiratory
tract and other symptoms; (4) Severe, patients have at least one
of the following: dyspnea, respiratory rate >30times/min;
oxygen saturation <93%; the pulmonary imaging showed a
progressed lesions more than 50% within 24 to 48 hours; (5)
Critical, patients have at least one of the following: respiratory
failure occurred, and mechanical ventilation is required; shock is
occurred; patients with extra pulmonary organ failure need to be
admitted to Intensive Care Unit for treatment. To analyze the
association of the antigen concentration in sera with disease
progress, the duration after illness onset were grouped into 0 to
2,3t035,6t08,9to 11,12 to 14, and 15 to 17 days.

Real-time PCR detection

According to the surveillance scheme of pneumonia cases with
SARS-Cov-2 infection and the guideline of laboratory detection
for COVID-19, RNA was extracted from throat swabs and/or
sputum specimens collected from COVID-19 suspected patients.
Specific rRT-PCR assays were performed to identify gene open
reading frame 1ab (ORF) and nucleocapsid protein (NP) of
SARS-Cov-2 using commercial kits qualified by Chinese FDA.
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The collected serum samples were also tested by rRT-PCR with
same protocol.

NP antigen-capture enzyme-linked
immunosorbent assay (ELISA)

SARS-COV-2 NP antigen was quantified in sera of COVID-19
patients using a SARS-CoV-2 NP Antigen-capture Quantitative
Determination ELISA Kit (Catalog No.: 208.01.25.01) accord-
ing to the manufacturer’s instructions (BIOHIT Healthcare
(Hefei), China).

SARS-CoV-2 NP specific IgM and IgG detection

SARS-CoV-2 NP specific IgM and IgG was detected in sera of
COVID-19 patients by colloidal gold quick diagnosis kit
(Catalog No.: 207.01.25.01) according to the manufacturer’s
instructions (INNOVITA Biotech, China; BIOHIT Healthcare
(Hefei), China). In brief, 10 nL serum was dropped on to the
sample placement region of the kit. Three drops (100-150 wL) of
the mixed solution were then dropped on to the solution
placement region of the kit. Results were visualized after 5 to 10
minutes of incubation at room temperature.

The sample was designated to be IgM or IgG positive when
visualized results were observed in both detection kits.

Statistical analysis

Normally distributed continuous variables were presented as
means +standard deviation and non-normally distributed con-
tinuous variables as medians [interquartile ranges (IQR)]. The
sera concentration of SARS-CoV-2 NP antigen, rRT-PCR Ct
values, patient ages, and days from illness onset to recovery were
compared by Mann-Whitney U test. The categorical variables
were expressed as number (%) and compared by Fisher’s exact
test. Differences were considered significant at P<0.05 with a
two-tailed test. All analysis was performed using Instat software
(Vision 5.0, GraphPad Prism San Diego, CA, USA).

Results

SARS-CoV-2 NP antigenemia in 3 COVID-19
patients

SARS-CoV-2 NP antigen was detected in 5 of 20 sequential sera
collected from three COVID-19 patients by NP antigen-capture
ELISA. The cutoff value of the assay was 10 pg/mL which was
determined through assessing the results of 633 sera collected from
patients with other respiratory infection (72=369), pregnant
women (n=100), people with increased level of rheumatoid factor
(n=119), and hemolytic samples of healthy donors (7=435) by the
kit (data not shown). Of the five positive sera, there were two
collected from patient A on day 7 and 10 after illness onset
respectively, two collected from patient B on days 8 and 11 after
illness onset respectively, and one collected from patient C on day
13 after illness onset [Figure 1]. SARS-CoV-2 NP specific [gM and
IgG antibodies were detected in only one out of the five antigen
positive sera samples whereas IgM and IgG antibodies were
detected in the other 15 antigen negative sera samples [Figure 1].

As shown in Table 1, the three patients were 35 years old male
(patient A), 67 years old female (patient B), and 44 years old male
(patient C), respectively. They presented illness onset on the end
of January or early of February. When typing clinically, both
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Figure 1: The kinetics of SARS-CoV-2 NP antigen concentration in sera collected from three COVID-19 patients on 7 to 31 days after illness onset, and
the corresponding results of SARS-CoV-2 NP specific IgM and IgG antibodies in those sera. DAI: Day after illness onset; NP: Nucleocapsid.

patient A and C were moderate, and patient B was severe. They
showed typically clinical features of COVID-19 reported
previously,>”!% including fever with or without respiratory
symptom (cough with or without expectoration), bilateral
pneumonia imaged by ground-glass opacity, acute liver damage,
and/or failure of respiratory function. To be similar to previous
report,l®! laboratory abnormalities of the patients’ blood
presented in increased level of aspartate aminotransferase,
alanine aminotransferase, lactate dehydrogenase, y-glutamyl
transpeptidase, C reactive protein, and/or IL-6 [Supplementary
Table 1, http://links.lww.com/IDI/A13]. In addition, the pro-
thrombin time was prolonged in all three patients [Supplemen-
tary Table 1, http:/links.lww.com/IDI/A13]. They all recovered
after treated with antiviral therapy, antibiotic therapy, and other
symptomatic supports [Table 1].

The prevalence of SARS-CoV-2 NP antigenemia in
COVID-19 patients

To determine the seroprevalence of SARS-CoV-2 NP antigene-
mia in COVID-19 patients, additional 153 COVID-19 patients
were conducted detection of SARS-CoV-2 NP antigen. The
results showed that, of the 153 COVID-19 patients, 92
(60.13%) presented SARS-CoV-2 NP antigen positive. But the
kinetic curve of NP concentration did not indicate an obvious
peak within 17 days after illness onset [Figure 2A]. However,
when grouping the duration, the concentration of the NP antigen
presented significantly higher level in sera collected on 6 to 8
days (381.3+217.2 pg/mL) after illness onset than on 0 to 2 or
15 to 17 days after illness onset (P < 0.01), and the concentration

was significantly higher in sera collected on 12 to 14 days than 15
to 17 days (369.2+245.4 pg/mL wvs. 32.0+16.7 pg/mL) after
illness onset (P < 0.05) [Figure 2B]. Meanwhile, if comparing the
positive proportion, NP antigen presented the highest propor-
tion (84.85%, 28/33) on 6 to 8 days after illness onset but the
lowest ratio (3/13) on 15 to 17 days after illness onset [Table 2].
And compared to those sera sampled on 15 to 17 days after
illness onset, except to group 12 to 14 days after illness onset
(6/18), NP antigen had a significantly higher positive proportion
ingroup 0to 2 (62.96%,17/27),3 to 5 (75.00%, 24/32), or 9 to
11 (12/17) days after illness onset [Table 2]. Whether NP antigen
positive or not, however, both SARS-CoV-2 ORF and NP gene
segments were not detected by rRT-PCR in these sera.

The association of serum NP concentration with
viral load in respiratory tract or clinical severity
of the disease

To analyze possible association serum concentration of NP
antigen with viral load in respiratory tract of COVID-19 patients
or clinical severity of the disease, we compared the rRT-PCR Ct
values of throat swabs or sputum samples between NP antigen
positive patients (NAPP) and NP antigen negative patients
(NANP), and serum concentration of NP antigen among mild,
moderate, severe, or critical NAPP. The results showed that,
compared to NANP, NAPP presented significantly lower rRT-
PCR Ct values of both gene ORF and NP in throat swabs or
sputum samples [Figure 3A], indicating that NAPP may have a
higher viral load in infected respiratory tract than NANP. In
addition, critical (783.2 +331.2 pg/mL) patients had the highest
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Table 1: Characteristics of COVID-19 patient A, B, and C.

Characteristics Patient A Patient B Patient C
Age (years) 35 67 44
Gender Male Female Male
Underlying medical condition Chronic HBV infection with abnormal Hypothyroidism, angiosclerotic No
liver function heart disease

Clinical typing Moderate Severe Moderate
Date of illness onset 31-Jan, 2020 25-Jan, 2020 1-Feb, 2020
Day after illness onset on admission 1 5 3
Fever Yes Yes Yes

The highest temperature 38.4°C 38.0°C 38.0°C
Cough Yes Yes No
Expectoration No Yes No

Chest radiograph findings on
admission

Complications
Failure of respiratory function
Acute liver damage

Antiviral therapy

Antibiotic therapy
Outcome

Bilateral pneumonia, ground-glass
opacity

No

Abnormal liver function before illness
onset

Lopinavir and ritonavir tablets (500 mg
bid, started at February 2 till 20),
Oseltamivir (started at February
2 till 5)

Yes

Recovered

Bilateral pneumonia, multiple
mottling, and ground-glass
opacity

Yes
Yes

Lopinavir and ritonavir tablets,
arbidol hydrochloride granules,
aerosol therapy with a-interferon

Bilateral pneumonia, ground-glass
opacity in left upper and lower
lobe and right middle lobe

No
Yes

Lopinavir and ritonavir tablets,
arbidol hydrochloride granules,
chloroquine phosphate, aerosol
therapy with a-interferon

serum concentration of NP antigen, then severe (478.0+97.06
pg/mL) and moderate (285.4+231.0pg/mL) patients
[Figure 3B]. The mild patients had the lowest level (100.5+
86.03pg/mL) of NP antigen in sera although no significant
difference was observed between mild patients and moderate
patients (P> 0.0S5).

Clinical characteristics of COVID-19 patients with
or without SARS-CoV-2 NP antigenemia

We further compared the clinical characteristics between NAPP
and NANP. As shown in Table 2, NAPP had much older age
(median: 49 years, IQR: 16 years) than NANP (median: 31 years,
IQR: 21years) while the percentage of sex had no significant
difference between them. Both positive proportions of IgM and
IgG were significantly much lower in NAPP [27.17% (25/92),
21.74% (20/92)] than NANP [59.02% (36/61), 59.02% (36/
61)]. NP antigen was not detected in sera collected from the
other 66 COVID-19 patients on 18 to 110 days after illness onset
while both IgM and IgG were detected in these patients except
three (data not shown). NP antigen was detected in 2 of 13
asymptomatic patients, 5 of 11 mild patients, 69 of 113
(61.06%) moderate patients, and all 16 severe and critical
patients. And significantly statistical differences were observed
between asymptomatic, mild, or moderate patients and severe &
critical patients. In addition, it took much longer time from
illness onset to recovery in NAPP (median: 24 days, IQR: 10
days) than NANP (median: 21 days, IQR: 13 days). When typed
patients clinically, the time from illness onset to recovery is
longer in mild, moderate, or severe & critical patients with
antigenemia than ones without antigenemia although no
significantly statistical difference was observed between mild
patients with antigenemia and mild patients without antigene-
mia.
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Discussion

The SARS-CoV-2 sustained human-to-human transmission
making it a world concerning and serious public health
threat.™ A number of important characteristics of SARS-
CoV-2 infection have already been identified, but there are many
unclear issues, such as severity assessment and antibody
responses, which are very crucial to understand COVID-19 or
impose improvement of associated managements on the disease.
Here, we provide an investigation on seroprevalence of SARS-
CoV-2 antigen and associated characteristics in COVID-19.
Our study strongly suggested that SARS-CoV-2 NP anti-
genemia was induced, and presented highly prevalent in COVID-
19 at early stage of the disease. SARS-CoV-2 NP antigen was
detected in 5 of 20 sequential sera collected from three COVID-
19 patients with typically clinical symptom, as well as in 92 of
153 (60.13%) expanded COVID-19 patients. Most patients
(90%, 81/90) with NP antigenemia were detected within 11 days
after illness onset [Table 2]. The positive ratio of NP antigenemia
reached a peak on 6 to 8 days after illness onset while the
concentration of NP antigen also presented a high level on 6 to 8
days after illness onset in COVID-19 patients. To be our
knowledge, antigenemia is very rare in respiratory virus
infection. An individual report showed that antigenemia was
detected in individual patients with SARS.M"* In addition, our
results suggested that appearance of IgM or IgG was associated
with the disappearance of the antigenemia. Correspondingly,
both positive ratios of specific NP IgM and IgG were significantly
much lower in NAPP than NANP within 17 days after illness
onset. And no antigenemia was detected in sera collected from
COVID-19 patients on more than 17days after illness onset
while almost all patients had IgM and IgG antibodies. Previous
studies had demonstrated that IgM can recognize non-self
particles,'"¥ and plays an important role on small particle
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Figure 2: The kinetics of SARS-CoV-2 NP antigen concentration and its
distribution in different duration of the disease. (A) The kinetics of SARS-
CoV-2 NP antigen concentration in sera collected from 92 expanded
COVID-19 patients within 17 days after illness onset. (B) The NP antigen
concentration in sera collected during six grouped duration of the disease
(0-2, 3-5, 6-8, 9-11, 12-14, and 15-17days after illness onset).
Statlstlcal significance was analyzed by Mann-Whitney U test. ‘P<o. 05,
"P<0.01. NP: Nucleocapsid.

clearance through macrophage.""*! It may explain why IgM of
most COVID-19 cannot be detected at the early stage of COVID-
19 by colloidal gold quick diagnosis kit or IgG and IgM occurred
simultaneously as reported in previous study.!"*! It also indicated
that the colloidal gold quick detection of SARS-CoV-2 IgM
antibody may not be suitable for early diagnosis of COVID-19.

SARS-CoV-2 NP antigenemia was not related to viremia in
COVID-19. Previous studies suggested that SARS-CoV-2 may
result in viremia in COVID-19 because of appearance of viral
RNA or live virus.['®'”! In April 2003, Drosten et al. reported
that viral RNA was detected at extremely low concentrations in
plasma during the acute symptomatic phase of SARS-CoV
infection.!"®' In 2004, Singapore researchers reported that SARS-
CoV can be detected in the blood of infected patients with
SARS."! However, NP antigenemia was not related to viremia
in COVID-19 because no viral RNA segments were detected in
all serum samples in this study. But, as indicated by results of
rRT-PCR, the viral load may be much higher in respiratory tract
of NAPP than one of NANP. Intracytoplasmic inclusion bodies,
which are commonly observed in RNA viral infection, were
abundantly observed in the autopsied lung tissue of COVID-19
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Table 2: Characteristics of COVID-19 patients with or
without SARS-CoV-2 nucleocapsid antigenemia.

With Without
antigenemia  antigenemia

Variable (n=92) (n=61) P
Age [years, M (IQR)] 49 (16) 31 (21) <0.001
Females [n (%)] 40 (43.48) 29 (47.54) 0.740
IgM positive [ (%)) 25 (27.17) 36 (59.02) 0.001
I9G positive [n (%)) 20 (21.74) 36 (59.02) <0.001
Clinical typing [n (%))

Asymptomatic 2 (15.38) 11 (84.62) <0.001

Mild 5 (45.45) 6 (54.54) 0.002

Moderate 69 (61.06) 44 (38.94) 0.001

Severe & critical 16 (100.00) 0 (0) Reference
Days after illness onset

[n (o]

0-2 7 (62.96) 10 (37.04) 0.040

3-5 24 (75.00) 8 (25.00) 0.002

6-8 28 (84.85) 5 (15.15) 0.001

9-11 2 (70.59) 5 (29.41) 0.030

12-14 6 (33.33) 12 (66.66) 0.700

15-17 3 (23. 08) 10 (76.92) Reference
Days from illness onset to 24 (10)° 21 (13) 0.020

recovery [M (QR)]"

Mild 34 (10) 309 0.360

Moderate 24 (10) 21 (12) 0.030

Severe & critical 23 (8)° 0(0) Reference

M (IQR): median (interquartile rang); —: Not applicable.
Asymptomatlc patients were not involved because of no illness onset.
"Excluded one patient who died on day 8 after illness onset.

patients.””! In addition, autopsy pathology suggested that
exudative diffuse alveolar damage with massive capillary
congestion was the main feature of histological lesion in
COVID-19,*"! and coagulopathy may play an important role
on the disease progressing.**! Coincidentally, the prothrombin
time was also extended in the all first investigated three patients
in this study. Hence, possibly, antigenemia may be associated
with the infusion of viral protein from intracytoplasmic
inclusion bodies through damaged capillary in lung.

SARS-COV-2 NP antigenemia may be used as a biomarker for
evaluation of COVID-19 severity. Our results showed that both
the serum concentration of NP antigen and the ratio of NP
antigenemia were increased with the increase of clinical severity
of the disease. This phenomenon was reported in some other
viral infections (eg, dengue,*3! CMV?*). Previous studies have
demonstrated that dengue virus fatal cases had higher NS1
antigenemia than the non-fatal cases,?®! and the degree of NS1
antigenemia correlated positively with hematocrit and liver
transaminases in dengue patients.!**! Liver transaminases were
highly frequently increased in COVID-19. And, similarly,
immunopathology were believed to be an important pathogene-
sis in both COVID-19 and dengue.'*®*”! In addition, our results
showed that NAPP had much older age than NANP, and NAPP
have longer duration from illness to recovery than NANP.
Correspondingly, previous report has demonstrated that the
increased risk of in-hospital death was associated with older age
in COVID-19.1%!

In conclusion, we first reported SARS-CoV-2 antigenemia in
COVID-19, and the NP antigenemia presented highly prevalent
at early stage of COVID-19. And the antigenemia was not
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Figure 3: rRT-PCR Ct values of respiratory samples from NP antigen
positive or negative COVID-19 patients (A), and the sera concentration of
NP antigen in mild, moderate, severe, or critical COVID-19 patients by
clinical typing (B). Statistical significance was analyzed by Mann-Whitney
Utest. P<0.05, P <0.01. NP: Nucleocapsid; rRT-PCR: real-time RT-
PCR.

related to viremia but did to clinical severity of the disease. In
addition, the antigenemia may be responsible for the delay of
detectable SARS-Cov-2 IgM. The study would be helpful to
understand COVID-19, impose improvement of associated
managements on the disease although we did not detect all
antigens of SARS-CoV-2 in sera of patients in this study because
of the limitation of unavailable detection kits.
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