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The clinical features and immune responses of asymptomatic 
individuals infected with severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) have not been well described. We 
studied 37 asymptomatic individuals in the Wanzhou District 
who were diagnosed with RT–PCR-confirmed SARS-CoV-2 
infections but without any relevant clinical symptoms in the 
preceding 14 d and during hospitalization. Asymptomatic 
individuals were admitted to the government-designated 
Wanzhou People’s Hospital for centralized isolation in accor-
dance with policy1. The median duration of viral shedding in 
the asymptomatic group was 19 d (interquartile range (IQR), 
15–26 d). The asymptomatic group had a significantly lon-
ger duration of viral shedding than the symptomatic group 
(log-rank P = 0.028). The virus-specific IgG levels in the 
asymptomatic group (median S/CO, 3.4; IQR, 1.6–10.7) were 
significantly lower (P = 0.005) relative to the symptomatic 
group (median S/CO, 20.5; IQR, 5.8–38.2) in the acute phase. 
Of asymptomatic individuals, 93.3% (28/30) and 81.1% 
(30/37) had reduction in IgG and neutralizing antibody lev-
els, respectively, during the early convalescent phase, as com-
pared to 96.8% (30/31) and 62.2% (23/37) of symptomatic 
patients. Forty percent of asymptomatic individuals became 
seronegative and 12.9% of the symptomatic group became 
negative for IgG in the early convalescent phase. In addition, 
asymptomatic individuals exhibited lower levels of 18 pro- 
and anti-inflammatory cytokines. These data suggest that 
asymptomatic individuals had a weaker immune response to 
SARS-CoV-2 infection. The reduction in IgG and neutralizing 
antibody levels in the early convalescent phase might have 
implications for immunity strategy and serological surveys.

As of May 24, 2020, the coronavirus disease 2019 (COVID-19) 
pandemic, caused by SARS-CoV-2, has affected more than 5 million 
people around the world. Most patients with SARS-CoV-2 infec-
tions have reportedly had mild to severe respiratory illness with 
symptoms such as fever, cough and shortness of breath, which might 
appear 2–14 d after exposure. However, there are other patients who 
are diagnosed by a positive RT–PCR test but are either asymptom-
atic or minimally symptomatic2–6. Increasing evidence has shown 
that asymptomatic individuals can spread the virus efficiently, 
and the emergence of these silent spreaders of SARS-CoV-2 has 
caused difficulties in the control of the epidemic2,5. However, our  

understanding of the clinical features and immune responses of 
asymptomatic individuals with SARS-CoV-2 infection is limited. 
Here we describe the epidemiological and clinical characteristics, 
virus levels and immune responses in 37 asymptomatic individuals.

Results
Demographic characteristics. On February 6, 2020, the National 
Health Commission of China updated the COVID-19 Prevention 
and Control Plan (4th edition) for the management of close con-
tacts, emphasizing identification and quarantine of asymptomatic 
individuals1. To identify asymptomatic individuals, the Wanzhou 
District Centers for Disease Control and Prevention (CDC) then 
conducted extensive RT–PCR screening for 2,088 close con-
tacts under quarantine. Individuals with positive RT–PCR results 
then were screened by point prevalence surveys carried out by 
the local CDC and symptoms assessments reported by clinicians. 
Of these, 60 individuals claimed no symptoms in the preced-
ing 14 d, according to local CDC records, and were transferred 
to a government-designated hospital for centralized isolation. On 
admission, 17 individuals were excluded for mild or atypical symp-
toms based on symptoms assessments reported by clinicians; six 
individuals who developed symptoms 4–17 d after admission were 
also excluded. Finally, 37 asymptomatic cases, defined as individu-
als with a positive nucleic acid test result but without any relevant 
clinical symptoms in the preceding 14 d and during hospitalization, 
were included in this study. A total of 178 patients with confirmed 
SARS-CoV-2 infections were identified in the Wanzhou District 
before April 10, 2020, as tracked by CDC surveillance systems. In 
this study, the proportion of patients with asymptomatic infections 
was 20.8% (37/178).

For antibody detection and cytokine measurements, 37 
sex-, age-frequency- and comorbidity-matched mild symptom-
atic patients were selected for comparison with the asymptom-
atic individuals (Supplementary Table  1). Thirty-seven sex- and 
age-frequency-matched control individuals from the Wanzhou 
District with negative RT–PCR results for SARS-CoV-2 were also 
selected for cytokines comparison.

Of the 37 asymptomatic individuals, the median age was 41 years 
(range, 8–75 years) and 22 were female. Twenty-eight individuals 
had a confirmed history of contact with an RT–PCR-confirmed 
patient with COVID-19, and nine were Wuhan residents or had a 
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travel history to Wuhan before the onset of infection (Supplementary 
Table 2).

Radiologic and laboratory findings. A complete blood count, 
blood biochemistry, coagulation function, liver and renal func-
tion and infection biomarkers were measured upon admission 
(Supplementary Table 2) to monitor the potential disease progres-
sion, according to the COVID-19 Treatment Guidelines (5th edi-
tion) from the National Health Commission of China7. Of the 37 
asymptomatic individuals, three had lymphopenia and one had 
thrombocytopenia. Six individuals had elevated levels of alanine 
aminotransferase, and 11 had increased C-reactive protein levels.

Upon admission, chest computed tomography (CT) scans 
showed focal ground-glass opacities in 11 asymptomatic individu-
als (11/37, 29.7%) and stripe shadows and/or diffuse consolidation 
in ten individuals (10/37, 27.0%), whereas 16 individuals (16/37, 
43.2%) had no abnormalities (Fig.  1). Five individuals developed 
focal ground-glass opacities or stripe shadows on chest CT within 
5 d of hospital admission. There were no pleural effusions, air 
bronchogram signs or enlarged lymph nodes, which were typi-
cal changes seen in critically symptomatic patients8–10. Abnormal 
radiological findings confined to one lung were identified in 66.7% 
(14/21) of the asymptomatic individuals, whereas 33.3% (7/21) had 
abnormalities in both lungs.

Virological outcomes. We compared the RT–PCR cycle thresh-
old (Ct) values of the first positive nasopharyngeal swabs for all 
37 asymptomatic individuals and 37 symptomatic patients. The 
initial Ct values for 37 asymptomatic individuals and 37 symptom-
atic patients appeared similar (ORF1b 32.8 (IQR, 30.9–35.8) versus 
31.7 (IQR, 30.3–35.1), P = 0.336; N 32.6 (IQR, 29.5–34.6) versus 
33.5 (IQR, 31.3–37.2), P = 0.126) (Fig. 2a). The median duration of 
viral shedding, defined as the interval from the first to last posi-
tive nasopharyngeal swab, in the asymptomatic individuals was 19 
d (IQR, 15–26 d). The shortest observed duration of viral shedding 
was 6 d, whereas the longest was 45 d. The median duration of viral 
shedding was 14 d (IQR, 9–22 d) in patients with mild symptoms. 
The asymptomatic group had a significantly longer duration of 
viral shedding than the symptomatic group (log-rank P = 0.028) 
(Fig.  2b). However, measurable virus shedding does not equate  
with viral infectivity, and further evaluation is needed to determine 
the respiratory SARS-CoV-2 viral load that is correlated with cul-
turable virus11.

Virus-specific IgG and IgM in asymptomatic individuals. To 
investigate the acute antibody response to SARS-CoV-2 infection, 
virus-specific IgG and IgM were measured in serum samples from 
asymptomatic and symptomatic individuals. In the asymptomatic 

group, 81.1% (30/37) tested positive for IgG, and 83.8% (31/37) of 
the symptomatic group tested positive for IgG approximately 3–4 
weeks after exposure. Moreover, 62.2% (23/37) of the asymptomatic 
group were positive for IgM, whereas 78.4% (29/37) of the symp-
tomatic group were IgM positive. Interestingly, IgG levels in the 

a b

Fig. 1 | Chest CT scans from two asymptomatic patients. a, CT scan of a 45-year-old female showing focal ground-glass opacities in the lower lobe of the 
left lung (arrow). b, CT scan of a 50-year-old female showing ground-glass opacities and stripes coexisting in the lower lobe of the right lung (arrows).
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Fig. 2 | Virological characteristics in asymptomatic and symptomatic 
cases. a, The Ct values of ORF1b and N obtained with RT–PCR that were 
detected in nasopharyngeal swabs from asymptomatic (n = 37) and 
symptomatic (n = 37) groups. The box plots show the medians (middle 
line) and the first and third quartiles (boxes), whereas the whiskers show 
1.5× the IQR above and below the box. Unpaired, two-sided Mann–Whitney 
U test P values are depicted in the plots, and the significant P value cutoff 
was set at 0.05. b, The Kaplan–Meier method was used to estimate the 
positive rate of viral RNA, and the two-sided log-rank test was applied to 
evaluate the significance difference of the duration of viral shedding in the 
symptomatic and asymptomatic groups. 
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symptomatic group (median S/CO, 20.5; IQR, 5.8–38.2) were sig-
nificantly higher than those in the asymptomatic group (median S/
CO, 3.4; IQR, 1.6–10.7) in the acute phase (the period when the viral 
RNA can be found in a respiratory specimen) (P = 0.005) (Fig. 3a).

We also followed 37 asymptomatic individuals and 37 symptom-
atic patients into the early convalescent phase (8 weeks after they 
were discharged from the hospital). The IgG levels in the symptom-
atic group were still significantly higher than those in the asymp-
tomatic group in the early convalescent phase (P = 0.002) (Fig. 3b). 
Surprisingly, the IgG levels in 93.3% (28/30) of the asymptomatic 
group and 96.8% (30/31) of the symptomatic group declined dur-

ing the early convalescent phase (Fig. 3c). The median percentage 
of decrease was 71.1% (range, 32.8–88.8%) for IgG levels in the 
asymptomatic group, whereas the median percentage of decrease 
was 76.2% (range, 10.9–96.2%) in the symptomatic group. Using a 
pseudovirus-based neutralization assay (Methods), we also observed 
a decrease in neutralizing serum antibodies levels in 81.1% (30/37) 
of the asymptomatic group and in 62.2% (23/37) of the symptom-
atic group. The median percentage of decrease was 8.3% (range, 
0.5–22.8%) for neutralizing serum antibodies in the asymptomatic  
group, whereas the median percentage of decrease was 11.7% 
(range, 2.3–41.1%) in the symptomatic group (Fig. 3d). Moreover, 
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Fig. 3 | igG and igM levels in the acute and convalescent phases in patients infected with SARS-CoV-2. a, The comparison of virus-specific antibody 
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changes in neutralizing serum antibodies in the acute and convalescent phases. Results are expressed as the average of two independent experiments.  
e, IgG-positive proportions of patients with COVID-19 in the acute and convalescent phases. The box plots in a and b show the medians (middle line) and 
first and third quartiles (boxes), and the whiskers show 1.5× the IQR above and below the box. Unpaired, two-sided Mann–Whitney U test P values are 
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40.0% (12/30) of asymptomatic individuals, but only 12.9%  
(4/31) of symptomatic individuals, became seronegative for IgG 
(Fig. 3e).

Cytokines in asymptomatic individuals. To further elucidate 
the immune responses associated with SARS-CoV-2 infection, 
serum cytokines and chemokines levels were compared between 
the asymptomatic and symptomatic groups. Elevated concentra-
tions of 18 pro- and anti-inflammatory cytokines were observed in 
the symptomatic group as compared to the asymptomatic group. 
Of these, tumor necrosis factor-related apoptosis-inducing ligand 
(TRAIL) (P = 3.39 × 10−14), macrophage colony-stimulating factor 
(M-CSF) (P = 5.08 × 10−13), growth-regulated oncogene-α (GRO-α) 
(P = 1.5 × 10−10), granulocyte colony-stimulating factor (G-CSF) 
(P = 2.05 × 10−9) and interleukin 6 (IL-6) (P = 6.33 × 10−9) showed 
the most significant changes (Fig.  4 and Extended Data Fig.  1). 
Moreover, the cytokines were further analyzed in the asymptomatic 
group and the 37 healthy controls. The plasma levels of 32 cyto-
kines were similar between the healthy controls and the asymptom-
atic individuals. Significantly higher levels of stem cell factor (SCF) 
(P = 1.48 × 10−9), IL-13 (P = 3.75 × 10−7), IL-12 p40 (P = 7.08 × 10−6) 
and leukemia inhibitory factor (LIF) (P = 1.33 × 10−3) were found  
in the asymptomatic group (Extended Data Fig.  2). Collectively,  
our data show that the asymptomatic individuals had a reduced 
inflammatory response characterized by low circulating concentra-
tions of cytokines and chemokines.

Discussion
The clinical features and immune responses of asymptomatic indi-
viduals infected with SARS-CoV-2 have not been well described. 
Of the 178 laboratory-confirmed patients, 37 who never developed 
any symptoms throughout the disease course were included in this 
study. Our data showed that 20.8% of these patients had asymp-
tomatic infections. However, this might not be an accurate estima-
tion of the proportion of asymptomatic infections in the general 
population owing to the fact that asymptomatic infections were 
identified from those who were at high risk for infection (including 
close contacts and individuals with a history of travel to Wuhan) 
and not from a random sample of people. Therefore, the propor-
tion of asymptomatic infections needs to be determined through 
population screening12. Additionally, the proportion of asymp-
tomatic infections might be even higher as some cases might be 
missed by RT–PCR testing. Our group has successfully identified 
seven patients with SARS-CoV-2 infection from 148 cases with 
negative RT–PCR results and no symptoms by using an antibody 
test13. Therefore, timely RT–PCR and serological testing should be 
used in conjunction, which would benefit accurate estimation of the 
asymptomatic proportion. However, serological testing has limita-
tions, and tests vary in their specificity and sensitivity. Results might 
also be confounded by previously existing antibodies to SARS-CoV, 
MERS-CoV or common cold coronaviruses.

To date, the duration of SARS-CoV-2 RNA shedding has not 
been well characterized. In SARS-CoV, viral RNA was detectable 
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in different specimens, including throat swabs, stool and urine, 
in more than 30% of patients for as long as 4 weeks after disease 
onset14. In MERS-CoV infections, viral shedding in respiratory 
secretions persisted for at least 3 weeks15. Recently, one study of 
191 patients with COVID-19 reported that the median duration of 
viral shedding was 20 d in survivors (range, 8–37 d)16. In another 
report, the duration of viral shedding in nasopharyngeal aspi-
rates was prolonged up to at least 24 d after symptom onset in 18 
patients infected with SARS-CoV-2 in Singapore17. In this study, 
the median duration of viral shedding in 37 patients with mild 
symptoms was 14 d, which was shorter than in previous reports. In 
comparison to symptomatic patients, the asymptomatic group had 
a significantly longer duration of viral shedding, with a viral shed-
ding time of 19 d. Several factors might contribute to the varia-
tion of duration of viral shedding in different studies, including 
the severity of disease, definition of duration of viral shedding and 
frequency of specimen collection. Notably, detection of viral RNA 
does not necessarily mean that infectious virus is present in respi-
ratory specimens, and caution is required when applying virus 
shedding duration that was calculated based on RT–PCR to assess 
infection potential.

The strength and duration of immunity after infection are key 
issues for ‘shield immunity’18 and for informing decisions on how 
and when to ease physical distancing restrictions19,20. Previous stud-
ies have shown that circulating antibodies against SARS-CoV or 
MERS-CoV last for at least 1 year21,22. Sustained IgG levels were 
maintained for more than 2 years after SARS-CoV infection23,24. 
Antibody responses in individuals with laboratory-confirmed 
MERS-CoV infection lasted for at least 34 months after the out-
break25. Recently, several studies characterizing adaptive immune 
responses to SARS-CoV-2 infection have reported that most 
COVID-19 convalescent individuals have detectable neutraliz-
ing antibodies, which correlate with the numbers of virus-specific 
T cells26–29. In this study, we observed that IgG levels and neutral-
izing antibodies in a high proportion of individuals who recovered 
from SARS-CoV-2 infection start to decrease within 2–3 months 
after infection. In another analysis of the dynamics of neutralizing 
antibody titers in eight convalescent patients with COVID-19, four 
patients showed decreased neutralizing antibodies approximately 
6–7 weeks after illness onset30. One mathematical model also sug-
gests a short duration of immunity after SARS-CoV-2 infection31. 
Together, these data might indicate the risks of using COVID-19 
‘immunity passports’ and support the prolongation of public health 
interventions, including social distancing, hygiene, isolation of 
high-risk groups and widespread testing. Additional longitudinal 
serological studies profiling more symptomatic and asymptom-
atic individuals are urgently needed to determine the duration of 
antibody-mediated immunity. In addition, low levels of anti-viral 
IgG in asymptomatic patients, who might be more likely to become 
seronegative, further support the need for timely serosurvey to 
study the true infection rate.
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Methods
Study design and participants. Between January 21 and February 19, 2020, 25 
imported symptomatic patients (registered in Wanzhou District), who returned 
from Wuhan City or Hubei Province, were confirmed with SARS-CoV-2 infection 
based on a positive RT–PCR test in Wanzhou District. (Wanzhou is the hardest-hit 
region of Chongqing City, which is a province-level municipality adjacent to 
Hubei Province.) Up to April 10, 2020, a total of 2,088 individuals, including 
close contacts of confirmed patients and people returning from Wuhan, were 
placed under quarantine by the local CDC and tested by RT–PCR. Of these 2,088 
individuals, 93 developed symptoms and tested positive for SARS-CoV-2.

On February 6, 2020, the National Health Commission of China updated the 
COVID-19 Prevention and Control Plan (4th edition) for the management of 
close contacts, emphasizing the identification and quarantine of asymptomatic 
individuals. The local CDC then conducted extensive RT–PCR screening of 
quarantined individuals. Once a case was confirmed positive by RT–PCR, the first 
prevalence survey was carried out by the local CDC staff. Individuals confirmed to 
have COVID-19 were asked to provide information, including demography (data 
of birth, gender and renal disease), preexisting conditions (including history of 
hypertension, diabetes mellitus, cardiovascular disease, cerebrovascular disease, 
chronic lung disease, renal disease, chronic hepatopathy and immunodeficiency 
diseases) and symptoms, as well as screening records for the preceding 14 d 
(including fever, cough, expectoration, shortness of breath, chill, myalgia, sore 
throat, runny nose, chest distress, headache, diarrhea, vomiting and nausea). 
According to the COVID-19 Prevention and Control Plan (4th edition), 60 
asymptomatic individuals based on preliminary screening were identified and 
transferred to a government-designated hospital for centralized isolation. On 
admission, one-on-one interviews were conducted by clinicians to corroborate 
the asymptomatic claims. After this screening, 17 individuals were excluded 
for mild or atypical symptoms. Clinicians conduct daily symptom screening 
once an individual is admitted to the hospital. Four to 17 days after admission, 
six of these 43 previously asymptomatic individuals developed symptoms and 
were re-categorized as symptomatic. Finally, 37 individuals with asymptomatic 
infections were informed about the study and consented to be included  
in this study.

It was unclear whether individuals who present with asymptomatic infection 
might progress to clinical disease during the early phase of the SARS-CoV-2 
epidemic in China. Therefore, Chinese clinicians chose to administer 
interferon-alpha (IFN-α) inhalation, antiviral treatment (ribavirin orally) and 
supportive treatment (treatment to strengthen immunity, such as thymopentin 
and Chinese medicine) to avoid possible aggravation, according to the COVID-
19 Treatment Guidelines (5th edition) from the National Institutes of Health of 
China, published on February 8, 2020. The isolation and treatment strategy of 
asymptomatic infections should be updated according to official guidelines in 
different countries.

Then, 37 sex-, age-frequency- and comorbidity-matched symptomatic patients 
were selected for comparison with the asymptomatic individuals (Supplementary 
Table 1). Thirty-seven sex- and age-frequency-matched controls with negative  
RT–PCR results for SARS-CoV-2 were also included in this study. Individuals  
with lung, liver, kidney, cardiovascular, metabolic or immunodeficiency diseases 
were excluded.

Data collection. Epidemiologic, demographic, contact and exposure history, 
clinical presentations, chest CT, laboratory tests, treatment and outcome data were 
collected from inpatient medical records. Laboratory data collected for each patient 
included complete blood count, coagulation profile, serum biochemical tests 
(including renal and liver function, electrolytes, lactate dehydrogenase and creatine 
kinase), serum ferritin and biomarkers of infection. Chest CT scans were done for 
all inpatients.

To identify SARS-CoV-2 infection, nasopharyngeal swabs were collected at 
least twice and tested by RT–PCR. RNA from all samples was isolated within 
24 h. Viral RNA samples were extracted according to manufacturer instructions 
using the Nucleotide Acid Extraction Kit (DAAN Gene, registration no. 
20170583), which based on an automated magnetic bead purification procedure. 
A commercial RT–PCR kit (DAAN Gene, registration no. 20203400063) was used 
for testing samples for SARS-CoV-2. Briefly, two target genes, including open 
reading frame1ab (ORF1ab) and nucleocapsid protein (N), were simultaneously 
amplified and tested during RT–PCR. Primers of RT–PCR testing for SARS-CoV-2 
were according to the recommendation by the Chinese CDC (ORF1ab forward: 
CCCTGTGGGTTTTACACTTAA, ORF1ab reverse: ACGATTGTGCATCAGCT 
GA, ORF1ab probe: 5′-CCGTCTGCGGTATGTGGAAAGGTTATGG-3′ (FAM dye 
labeled); N forward: GGGGAACTTCTCCTGCTAGAAT, N reverse: CAGACATT.

TTGCTCTCAAGCTG, N probe: 5′-TTGCTGCTGCTTGACAGATT-3′ (VIC 
dye labeled)). PCR cycling: 50 °C for 15 min, 95 °C for 15 min, 45 cycles containing 
94 °C for 15 s, 55 °C for 45 s (fluorescence collection).

Ct values less than 37 and greater than 40 were defined as positive and negative, 
respectively, for both genes. Samples with Ct values from 37 to 40 were defined 
as inconclusive, and a second test was needed. Starting 1 week after admission, 
nasopharyngeal samples were tested by RT–PCR every 2–3 d for the remainder of 
the hospitalization period. Patients with one positive RT–PCR result were defined 

as patients with SARS-CoV-2 infection. Patients with two consecutive negative RT–
PCR results were defined as SARS-CoV-2 negative.

Definitions. A confirmed case of COVID-19 was defined as an individual 
with nasopharyngeal swabs that were positive for SARS-CoV-2, using 
laboratory-based PCR. The symptomatic patients were defined as patients with 
laboratory-confirmed COVID-19 with symptoms such as fever, cough, sore throat 
and sputum. An asymptomatic case was defined as an individual with a positive 
nucleic acid test result but without any relevant clinical symptoms in the preceding 
14 d and during hospitalization. A close contact was defined as (1) anyone who had 
been within approximately 6 feet (2 meters) of a person infected with SARS-CoV-2 
for longer than 10 min and (2) those who had direct contact with the infectious 
secretions of a COVID-19 patient. Close contact can occur while caring for, living 
with, visiting or sharing a healthcare waiting area or room with patients with 
COVID-19. The duration of shedding was calculated as the number of days from 
the first positive nasopharyngeal sample to the last positive sample based on RT–
PCR testing. The last positive sample was followed by a negative RT–PCR result on 
two sequential tests.

Detection of IgG and IgM against SARS-CoV-2. IgG and IgM against 
SARS-CoV-2 were detected in plasma samples using magnetic chemiluminescence 
enzyme immunoassay kits (Bioscience), according to the manufacturer’s 
instructions. Briefly, recombinant antigens containing the nucleoprotein and 
a peptide (LQPELDSFKEELDKYFKNHTSPDVD) from the spike protein of 
SARS-CoV-2 were immobilized on magnetic particles.

Neutralization detection using pseudovirus neutralizaion assay. A 
codon-optimized spike (S) that lacked the C-terminal 19 amino acids was used 
to generate a luciferase-expressing pseudovirus. The SARS-CoV-2 pseudovirus 
neutralization assay was carried out on 293T cells expressing ACE2 in a 96-well 
plate. Paired dilute sera (1:600) from an individual (one serum sample from 
the acute phase and another serum sample from the convalescent phase) were 
obtained, equal volumes of SARS-CoV-2 pseudovirus were added and the plates 
were pre-incubated at 37 °C for 1 h. Then, 293T cells expressing ACE2 were 
incubated with 100 μl of sera-pseudovirus mixture for 24 h. Three days after 
infection, the cells were lysed with 30 μl of lysis buffer (Promega) to measure the 
pseudoviral transduction. Relative luminescence units of luciferase activity were 
detected using the Luciferase Assay Kit (Promega), according to the manufacturer’s 
instructions. Experiments were repeated twice. The luciferase activity was 
determined by GloMax Microplate Luminometer (Promega). The neutralization 
rate (%) was calculated as following:

Neutralization Rate ð%Þ ¼RLUpesudovirus � RLUpesudovirus with serum

RLUpesudovirus � RLUblank
100%

Cytokines measurement. The sera of patients with laboratory-confirmed 
SARS-CoV-2 infections (asymptomatic group n = 37 and symptomatic group 
n = 37) were collected as early as possible during hospitalization. The sera of 
healthy individuals (n = 37) were included as control groups. The concentrations 
of 48 cytokines and chemokines were measured using the Bio-Plex Human 
Cytokine Screening Panel (48-Plex no. 12007283, Bio-Rad) on a Luminex 
200 (Luminex Multiplexing Instrument, Merck Millipore) following the 
manufacturer’s instructions. The 48 cytokines screening panel includes: fibroblast 
growth factor (FGF), eotaxin, granulocyte colony-stimulating factor (G-CSF), 
granulocyte-macrophage colony-stimulating factor (GM-CSF), interferon-gamma 
(IFN-γ), interleukin-1 beta (IL-1β), interleukin 1 receptor antagonist (IL-1RA), 
interleukin 1 alpha (IL-1α), interleukin-2 receptor-alpha (IL-2Rα), interleukin-3 
(IL-3), interleukin-12 p40 (IL-12 (p40)), interleukin-16 (IL-16), interleukin-2  
(IL-2), interleukin-4 (IL-4), interleukin-5 (IL-5), interleukin-6 (IL-6), interleukin-7 
(IL-7), interleukin-8 (IL-8), interleukin-9 (IL-9), growth-regulated oncogene-alpha 
(GRO-α), hepatocyte growth factor (HGF), interferon alpha-2 (IFN-α2), leukemia 
inhibitory factor (LIF), monocyte-chemotactic protein 3 (MCP-3), interleukin-10 
(IL-10), interleukin-12 p70 (IL-12 (p70)), interleukin-13 (IL-13), interleukin-15 
(IL-15), interleukin-17A (IL-17A), interferon gamma-inducible protein (IP-10), 
monocyte chemoattractant protein-1 (MCP-1), monokine induced by gamma 
interferon (MIG), beta-nerve growth factor (β-NGF), stem cell factor (SCF), 
stem cell growth factor-beta (SCGF-β), stromal cell-derived factor 1 (SDF-1α), 
macrophage inflammatory protein-1 alpha (MIP-1α), macrophage inflammatory 
protein-1 beta (MIP-1β), platelet-derived growth factor-BB (PDGF-BB), regulated 
upon activation, normal T cell expressed and presumably secreted (RANTES), 
tumor necrosis factor alpha (TNF-α), vascular endothelial growth factor (VEGF), 
cutaneous T-cell-attracting chemokine (CTACK), macrophage migration 
inhibitory factor (MIF), TNF-related apoptosis-inducing ligand (TRAIL), 
interleukin-18 (IL-18), macrophage colony-stimulating factor (M-CSF) and tumor 
necrosis factor-beta (TNF-β).

Statistical analysis. All continuous characteristics are described as the medians 
(IQRs), and categorical characteristics are described as numbers (%). Significant 
differences of continuous characteristics between asymptomatic and symptomatic 
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and asymptomatic and healthy control groups were determined by the Mann–
Whitney U test. Categorical characteristics comparison was performed with 
Fisher’s exact test. P value cutoffs of 0.05 for antibody and 0.001 for cytokines 
indicated significance. The Kaplan–Meier method was used to analyze the duration 
of viral shedding in the symptomatic and asymptomatic groups. Statistical analyses 
were performed using R software (version 3.6.0).

Ethical approval. The study was approved by the Ethics Commission of 
Chongqing Medical University (reference no. 2020004). Written informed consent 
for participation in this study was obtained from all adult participants or guardians 
on behalf of the children enrolled in this study.

Reporting Summary. Further information on research design is available in 
the Nature Research Reporting Summary linked to this article.

Data availability
Raw data in this study are provided in the Supplementary Dataset. Additional 
supporting data are available from the corresponding authors upon reasonable 
request. All requests for raw and analyzed data and materials will be reviewed 
by the corresponding authors to verify whether the request is subject to any 
intellectual property or confidentiality obligations. Source data are provided with 
this paper.
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Extended Data Fig. 1 | Comparison of serum cytokine/chemokine concentrations between the asymptomatic and symptomatic groups. Samples 
from asymptomatic individuals (n = 37) and symptomatic patients (n = 37) were collected for assays measuring the concentrations of 48 cytokines and 
chemokines. 25 cytokines or chemokines were similar between asymptomatic individuals and symptomatic patients. 5 cytokines or chemokines were 
significantly higher in asymptomatic individuals than in symptomatic patients. The boxplots show medians (middle line), first and third quartiles (boxes), 
while the whiskers show 1.5× the interquartile range (IQR) above and below the box. Unpaired, two-sided Mann-Whitney U test p values are depicted in 
plots, and the significant p value cut-off was set to 0.001.
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Extended Data Fig. 2 | Comparison of serum cytokine and chemokine concentrations between the asymptomatic and healthy groups. Samples from 
healthy controls (n = 37) and asymptomatic individuals (n = 37) were collected for assays measuring the concentrations of 48 cytokines and chemokines. 
A. Thirty-two cytokines or chemokines were similar between healthy controls and asymptomatic individuals. B. Sixteen cytokines or chemokines were 
significantly different between healthy controls and asymptomatic individuals. The boxplots show medians (middle line), first and third quartiles (boxes), 
while the whiskers show 1.5× the interquartile range (IQR) above and below the box. Unpaired, two-sided Mann-Whitney U test p values are depicted in 
plots, and the significant p value cut-off was set to 0.001. 
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Data collection No commercial, open source software, custom code was used in data collection.
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Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size There were 178 laboratory-confirmed COVID-19 patients in Wanzhou District (by  March 2, 2020), after the symptoms  screening, 135 
COVID-19 patients were excluded, 6 of the 43 asymptomatic cases developed typical symptoms and were also excluded. The sex- and age- 
frequency matched controls including 37 symptomatic patients and 37 health subjects were also included in this study.

Data exclusions All patients were included.

Replication Technical replicates of our assay have been well evaluated. First, the precision and reproducibility of this assay have been evaluated by an 
independent third-party testing institution (National Institutes for Food and Drug Control), which is required by CFDA Based on the reports 
given by National Institutes for Food and Drug Control, both the within-run coefficient of variation (CV) and between-run CV were less than 
8%, revealing a very good precision and reproducibility of our assay. Second, we also conducted experiments to evaluate the precision and 
reproducibility of our assay. Thirty serum sample from COVID-19 patients showing different titers of IgG (Range from 0.43 to 187.82) and IgM 
(Range from 0.26 to 24.02) were tested. Each individual sample was tested in three independent experiments, each involving technical 
triplicates. Third, we also tested 46 serum sample from COVID-19 patients by using different batches of diagnostic kit for novel coronavirus 
IgG or IgM antibody. Very good correlation was found for IgG (r = 0.996) and IgM (r = 0.997). The detailed data has been provided in our 
previous published paper (QX Long, et al. Antibody responses to SARS-CoV-2 in patients with COVID-19. Nature medicine. 2020 Apr 29. doi: 
DOI: 10.1038/s41591-020-0897-1; Table 1 and Extend Data Figure 1).  
After proving the good precision and reproducibility of our assay, the serum sample of each patients was measured once in hospital.  
 

Randomization Our study is an observation study, so no randomization is needed here.

Blinding Serum extraction and antibody detection were performed independently by researchers blind to samples information; data analysis were 
performed by two trained researchers, and investigators were blinded during data analysis.

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 
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Eukaryotic cell lines
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Animals and other organisms
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Clinical data

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Eukaryotic cell lines
Policy information about cell lines

Cell line source(s) 293T cell was obtained from ATCC.

Authentication Authentication was performed regularly based on morphology and gene/protein expression (in case of genetic alterations)

Mycoplasma contamination Cell line was tested for Mycoplasma contamination, no Mycoplasma contamination found.

Commonly misidentified lines
(See ICLAC register)

None of the cell line was misidentified in this study.
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Population characteristics For the asymptomatic group, the median age was 41 years, ranged from 8 months to 75 years, and 15 of 37 were male. For the 
symptomatic group, the median age was 41 ranged from 9 to 75 years, and 19 of 37 were male. For the healthy control group, 
the median age was 35 ranged from 17 to 72 years, and 16 of 37 were male.

Recruitment 37 individuals with asymptomatic infections without any symptoms in preceding 14 days after exposure and during 
hospitalization in Wanzhou District were recruited. In order to reduce the confounding bias, 37 sex-, age-frequency and 
comorbidity-matched symptomatic patients were selected for comparison with the asymptomatic individuals. To minimize self-
selection bias, no participants (including asymptomatic and symptomatic patients) had dropped out of this study. In addition, the 
sex- and age- frequency matched 37 control subjects with negative RT-PCR result for SARS-CoV-2 were also included in this 
study. Control subjects with lung, liver, kidney, cardiovascular, metabolic or immunodeficiency diseases were excluded. 
However, the asymptomatic infections were identified from those who were at high risk for infection (including close contacts 
and individuals with a history of travel to Wuhan) in a single district, not a random sample of people representative of the 
general population. Therefore, sample selection bias might impact results. 

Ethics oversight The study was approved by the Ethics Commission of Chongqing Medical University (reference number: 2020004). Written 
informed consent for participation in this study was obtained from all adult participants or guardians on behalf of the children 
enrolled in this study.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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