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a b s t r a c t 

Background: China implemented containment measures to stop SARS-CoV-2 transmission in response to 

the COVID-19 epidemic. After the first epidemic wave, we conducted population-based serological surveys 

to determine extent of infection, risk factors for infection, and neutralization antibody levels to assess the 

real infections in the random sampled population. 

Methods: We used a multistage, stratified cluster random sampling strategy to conduct serological sur- 

veys in three areas - Wuhan, Hubei Province outside Wuhan, and six provinces selected on COVID-19 

incidence and containment strategy. Participants were consenting individuals > 1 year old who resided 

in the survey area > 14 days during the epidemic. Provinces screened sera for SARS-CoV-2-specific IgM, 

IgG, and total antibody by two lateral flow immunoassays and one magnetic chemiluminescence enzyme 

immunoassay; positive samples were verified by micro-neutralization assay. 

Findings: We enrolled 34,857 participants (overall response rate, 92%); 427 were positive by micro- 

neutralization assay. Wuhan had the highest weighted seroprevalence (4 • 43%, 95% confidence inter- 

val [95%CI] = 3 • 48%-5 • 62%), followed by Hubei-ex-Wuhan (0 • 44%, 95%CI = 0 • 26%-0 • 76%), and the other 
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esearch in context 

Evidence before this study 

Accurately measuring the prevalence of severe acute respira- 

ory syndrome coronavirus 2 (SARS-CoV-2) antibodies in popu- 

ations can help increase knowledge about immunity, transmis- 

ion, response strategies, surveillance, and eventually vaccination 

f COVID-19. We searched PubMed for peer-reviewed articles on 

eptember 28, 2020, with no limitations of start date or lan- 

uage, using the terms, “COVID-19 ′′ , “SARS-CoV-2 ′′ , “antibody”, 

seroprevalence”, and “seroepidemiology”. Most serosurveys used 

onvenience samples in hospital settings or were conducted among 

elected populations such as health care workers, blood donors, 

actory workers, or local community residents, limiting their abil- 

ty to provide unbiased population seroprevalence estimates. Few 

tudies were conducted immediately following containment of 

 COVID-19 epidemic, limiting comparability of containment by 

ountry or region. 

Added value of this study 

Between two and three weeks after the end of the first-wave 

f COVID-19 in China, we conducted population-based serolog- 

cal surveys to estimate prevalence of SARS-CoV-2-specific neu- 

ralizing antibodies (NAbs) among representative samples totaling 

4,857 participants. We surveyed three areas – Wuhan City, Hubei- 

x-Wuhan, and six provinces selected on the basis of contain- 

ent strategy and COVID-19 incidence to ensure inclusion of the 

ighest incidence provinces. Resulting seroprevalence estimates 

ere: Wuhan, 4 • 43%; Hubei-ex-Wuhan, 0 • 44%; and the six other 

rovinces, < 0 • 1%. Seroprevalence was highly correlated with re- 

orted COVID-19 incidence. Most subjects with serologic evidence 

f infections were asymptomatic (76%). To our knowledge, this is 

he first nationally representative estimate of SARS-CoV-2 sero- 

revalence in China. 

Implications of all the available evidence 

The low overall seroprevalence, the steep gradient of seropos- 

tivity from Wuhan to Hubei-ex-Wuhan to the other provinces, 

nd the high correlation with COVID-19 incidence provide evidence 

upporting the impact of China’s centrally-coordinated, locally- 

mplemented, “whole-of-government, whole-of-society” effort to 

ontain the coronavirus. The low seroprevalence shows that the 

rst wave of COVID-19 infected a relatively small number of in- 

ividuals in China, leaving virtually the entire population suscep- 

ible to SARS-CoV-2 infection. That most infections were asymp- 

omatic supports the importance of contact tracing strategies to 

top transmission. Long-term protection of the population and 

he economy will necessitate using COVID-19 vaccination strate- 
2 
uhan (adjusted odds ratio aOR = 13 • 70, 95%CI = 7 • 91–23 • 75), contact with

95%CI = 5 • 05–10 • 69), and age over 40 (aOR = 1 • 36, 95%CI = 1 • 07–1 • 72) were

RS-CoV-2 infection. Among seropositives, 101 (24%) reported symptoms

n neutralizing antibody titers than among the 326 (76%) without symp-

01). 

 extent of infection and steep gradient of seropositivity from Wuhan to

dence supporting the success of containment of the first wave of COVID-

on was largely asymptomatic, emphasizing the importance of active case

 Virtually the entire population of China remains susceptible to SARS-CoV-

or long-term protection. 

orted by the Ministry of Science and Technology (2020YFC0846900) and

undation of China (82041026, 82041027, 82041028, 82041029, 82041030,

© 2021 The Author(s). Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

ies to safely immunize populations and enable selective lifting 

f non-pharmaceutical interventions that are currently maintain- 

ng elimination of SARS-CoV-2 transmission. Prevention and con- 

rol of COVID-19 will be a long-term effort, requiring considerable 

omestic work and effective global collaboration. 

ntroduction 

In late December 2019, a cluster of patients with severe pneu- 

onia of unknown etiology (PUE) was reported. A new coron- 

virus, now called SARS-CoV-2, was discovered in the PUE patients’ 

ronchoaveolar lavage fluids (BALF), identified, and sequenced, and 

as reported to the World Health Organization (WHO) [1–3] . 

ARS-CoV-2 is highly contagious, and its human disease, COVID- 

9, causes significant morbidity and mortality [4] . WHO declared 

OVID-19 as a pandemic on March 11, 2020, and by the end of 

ovember, there have been over 62 million cases and 1.4 million 

eaths reported worldwide [5] . 

China took unprecedented stringent measures in response to 

OVID-19, managing it as a Category A disease (the highest 

evel) with a centrally-coordinated, locally-implemented, “whole- 

f-government, whole-of-society” effort to contain the virus geo- 

raphically and stop its transmission. Active case finding and isola- 

ion, contact tracing and management were implemented through- 

ut China, and physical distancing measures were implemented in 

arying degrees depending on local transmission risk [6 , 7] . Lock- 

own travel restrictions were implemented for Wuhan City on Jan- 

ary 23. After an epidemic surge of two months, the incidence 

f COVID-19 declined. By the end of March, 81,554 confirmed 

OVID-19 cases had been reported throughout China - 50,007 from 

uhan [8] . After confirming lack of local transmission, the Chinese 

overnment lifted Wuhan travel restrictions on April 8, 2020. 

The end of the first wave of the COVID-19 epidemic in the 

rst country affected by the pandemic provides an opportunity 

o assess the extent of infection of the population following a 

anaged epidemic wave. COVID-19 surveillance and reporting in 

hina mainly relies on polymerase chain reaction (PCR)–based test- 

ng of symptomatic individuals and close contacts of the infected 

ersons. However, extent of infection can only be determined by 

opulation-based serological surveys, as asymptomatic infections 

re invisible to symptom-based surveillance, and individuals not 

eeking medical care would be unlikely to be identified and re- 

orted [9] . Serological surveys can assess cumulative incidence of 

ubclinical and clinical infections and population had immunity 

rofiles. 

http://creativecommons.org/licenses/by-nc-nd/4.0/
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We report results of serological surveys in three geographic ar- 

as in China to determine extent of infections and degree of re- 

aining susceptibility, spectra of illness, and risk factors for infec- 

ions following the first wave of COVID-19 in China. 

ethods 

tudy design and participants 

Between April 10 to 18, we conducted independent surveys in 

hree areas: Wuhan (population 11 • 1 million), Hubei-excluding- 

uhan (48 • 1 million), and six other provinces or municipalities 

Beijing, Shanghai, Guangdong, Jiangsu, Sichuan, and Liaoning; to- 

al population 366 • 7 million). The six selected provinces or munic- 

palities were chosen to reflect the “Four Lines” containment strat- 

gy in China [6 , 7] – Wuhan and Hubei to prevent exportation of 

ases, Beijing to prevent importation of cases, Hubei’s neighboring 

rovinces to slow spread, and all of China to prevent exportation 

appendix pp 17–18). Selected provinces for study included those 

ith the highest incidences of COVID-19 in China. 

Eligible participants were over one year old who lived in the 

urveyed areas for at least 14 days during the epidemic period 

December 2019 to March 2020). We used a multi-stage, stratified 

luster, random sampling method to select participants. Within 

rovinces, counties were selected randomly based on the re- 

orted incidence of COVID-19; within counties, communities were 

elected using a probability-proportion-to-size sampling method; 

ithin communities, households were selected systematically from 

ists of households; and all age-eligible (greater than 1 year old) 

embers of selected households were invited to participate (ap- 

endix pp 2–4, and pp 11–14). Target sample sizes were 10,0 0 0 

lood samples for each survey, with at least 1500 in each of five 

ge groups (1–9 years, 10–19, 20–39, 40–59, and 60 + ). Target sam- 

le sizes were based on an expected prevalence of 0 • 5% −2%, with

ne-third increases to account for survey design and non-response. 

he 95% confidence intervals (CIs) for the prevalence estimates in 

ach age group would be 0 • 2–1 • 0 with a 0 • 5% prevalence and 1 • 4–

 • 8 with a 2 • 0% prevalence. 

The study was approved by the Institutional Review Board of 

hinese Center for Disease Control and Prevention (approval no. 

02,001). Participation was voluntary; participants gave written in- 

ormed consent prior to enrolling in the study. 

rocedures 

We administered structured questionnaires in face-to-face in- 

erviews (appendix pp 21–24) and obtained information on demo- 

raphics; perceived symptoms (fever, cough, shortness-of-breath); 

hether the participants recalled being diagnosed with COVID-19 

etween December 2019 and March 2020; and risk factors for in- 

ection, including travelling to or living in a high risk area, contact 

ith individuals with fever or respiratory illness, and contact with 

 confirmed COVID-19 case. Refusals and reasons for refusal were 

ecorded. 

Qualified nurses obtained five mL blood samples (three mL for 

hildren under five) using Chinese Center for Disease Control and 

revention (China CDC) guidelines [10 , 11] . Samples were delivered 

o local CDC laboratories for pre-processing; sera were transferred 

o provincial laboratories and stored at −40 °C. Provincial labora- 

ories screened samples for SARS-CoV-2-specific IgG, IgM, and to- 

al antibody. All reactive samples and 20 randomly selected non- 

eactive samples from each province and Wuhan were sent for 

onfirmatory testing for neutralizing antibodies (NAb) at the Na- 

ional Institute for Viral Disease Control and Prevention (NIVDC), 

hina CDC. During transfers, specimens were packed and trans- 

orted in accordance with UN2814 transportation requirements. 
3 
China CDC developed a database for survey and laboratory re- 

ults. Local CDC staff entered survey data and verified self-reported 

OVID-19 infection by matching individual-identifying data with 

ecords of confirmed COVID-19 cases in the national COVID-19 

egistry (appendix p 6). Laboratory staff entered serology results. 

rovincial and national CDC staff checked for missing data and log- 

cal errors. 

creening and confirmatory testing 

Provincial laboratories used three commercially-available sero- 

ogical test kits in parallel - two lateral flow immunoassays (LFA) 

Wondfo SARS-CoV-2 antibody test and Innovita 2019-nCoV anti- 

ody test for detection of SARS-CoV-2 specific IgM, IgG, and to- 

al antibody), and one magnetic chemiluminescence enzyme im- 

unoassay (MCLIA) (Bioscience 2019-nCoV IgM and IgG antibody 

est) (appendix pp 6–9). The diagnostic accuracy of the three 

creening assays were evaluated in previous studies [12 , 13] . Sen- 

itivities were 76%, 44% −58%, and 57% −71% respectively; and for 

pecificity 100%, 98% −100%, and 100%, respectively. All kits were 

pproved by the National Medical Products Administration [14] . 

ne or more positive results was considered reactive. 

Micro-neutralization (MN) assays were used to confirm pres- 

nce of SARS-CoV-2-specific neutralizing antibody (NAb). All re- 

ctive sera were tested by MN assays. Two sets of serum sam- 

les from healthy individuals were used to validate the MN test - 

ne set of archived historical serum samples ( n = 100, from 13–65 

ear-olds) obtained in a 2013 national measles serological survey, 

nd one set of contemporary serum samples ( n = 82, from 1–81- 

ear-olds) obtained from counties that reported no COVID-19 cases 

nd whose adjacent counties reported no cases) (appendix pp 9–

0, and 19). The cut-off threshold of MN tests was determined by 

he two healthy controls by calculating the geometric mean titer 

GMT) of NAb plus 3 standard deviation. NT tests were conducted 

n a biosafety level 3 confinement facility (BSL-3) at NIVDC as per 

ational guidelines [10 , 11] . 

tatistical analysis 

The survey’s primary outcome was seropositivity, defined as a 

eutralizing antibody titer in excess of the cut-off threshold for 

N tests of greater than or equal to four. Seroprevalence was de- 

ned as the number of seropositives divided by the number of par- 

icipants screened in the study, weighted to account for the com- 

lex sample procedures, non-response and post-stratification dis- 

ribution of age and sex (appendix pp 4–6). We represented NAb 

s geometric mean titers (GMTs) ± standard deviations, imput- 

ng one for titers less than four, and 192 for values > 128. Using 

 mixed-effects logistic regression model adjusting for nested lev- 

ls of clustering at the community and county levels to account 

or correlation of data within levels (i.e. random effects), we ex- 

lored risk factors predicting SARS-CoV-2-specific NAb positivity, 

ncluding sex, age group, occupation, underlying medical condition, 

iving in Wuhan, travelling to Wuhan, travelling aboard, contacting 

ith COVID-19 patients, and contacting with febrile patients or pa- 

ients with respiratory illnesses (i.e. fixed effects). Analyses were 

onducted in SAS version 9 • 4 M6 (SAS Institute, Cary, NC, USA), 

nd R version 3 • 4 • 3 (R Foundation for Statistical Computing, Vi- 

nna, Austria) using “lme4” and “survey” packages. 

ole of the funding source 

The funder had no role in study design, data collection, data 

nalysis, data interpretation, or writing of the report. Investigators 

nd authors confirm their independence from funders and spon- 

ors. 
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Fig. 1. Sample frames and study flow chart. 
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articipants 

A total of 34,857 participants completed the study: 11,353 from 

uhan, 10,632 from Hubei-ex-Wuhan, and 12,872 from the six 

ther provinces ( Fig. 1 ). The overall response rate was 92%, rang- 

ng from 84% in a non-Hubei province to 97% in Wuhan. Among 

espondents, 51% were female and 49% were male; the mean age 

as 40 years (interquartile range, 26–56). The age distributions of 
4 
nrolled participants were similar to those of the represented pop- 

lations, but with Wuhan and Hubei-ex-Wuhan enrolling relatively 

ewer persons 20–39 years old (appendix p 15). 

eroprevalence of SARS-CoV-2-specific neutralizing antibodies 

We identified 1152 subjects with reactive antibodies; 427 were 

onfirmed positive by MN tests (161 randomly-selected non- 

eactive sera all tested negative). Table 1 shows seroprevalence 

y survey, demographic characteristics, travel history, and con- 
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Table 1 

Prevalence of SARS-CoV-2-specific neutralizing antibody positivity in China, 2020, by region. 

Wuhan Hubei outside of Wuhan Six other provinces outside Hubei 

No. 

seropositivity 

No. 

respondents 

Weighted 

prevalence(%) p value 

No. 

seropositivity 

No. 

respondents 

Weighted 

prevalence(%) p value 

No. 

seropositivity 

No. 

respondents 

Weighted 

prevalence(%) p value 

Subtotals 377 11,353 4 • 43 

(3 • 48–5 • 62) 

48 10,632 0 • 44 

(0 • 26–0 • 76) 

2 12,872 0 • 009 

(0 • 002–0 • 046) 

Gender 0 • 003 0 • 272 0 • 226 

Female 226 5754 5 • 17 

(4 • 11–6 • 48) 

27 5394 0 • 48 

(0 • 26–0 • 87) 

0 6747 NA 

Male 151 5599 3 • 64 

(2 • 65–4 • 97) 

21 5238 0 • 40 

(0 • 24–0 • 68) 

2 6125 NA 

Age in years 0 • 003 0 • 052 0 • 351 

1–9 years 18 978 2 • 44 

(1 • 46–4 • 04) 

4 1117 0 • 16 

(0 • 04–0 • 62) 

0 1169 NA 

10–19 years 20 1023 3 • 10 

(1 • 76–5 • 40) 

8 1145 1 • 17 

(0 • 45–3 • 00) 

0 1220 NA 

20–39 years 103 3348 3 • 96 

(2 • 86–5 • 46) 

12 2611 0 • 45 

(0 • 21–0 • 97) 

0 3742 NA 

40–59 years 154 4017 5 • 29 

(4 • 02–6 • 94) 

17 3529 0 • 34 

(0 • 16–0 • 74) 

2 4001 NA 

60 + years 82 1987 5 • 10 

(3 • 37–7 • 64) 

7 2230 0 • 39 

(0 • 12–1 • 24) 

0 2740 NA 

Occupation 0 • 001 0 • 218 1 

others 209 7759 3 • 67 

(2 • 93–4 • 59) 

36 8962 0 • 34 

(0 • 19–0 • 60) 

2 9412 NA 

community workers 28 934 3 • 82 

(2 • 39–6 • 06) 

0 221 NA 0 620 NA 

service sector workers 30 861 4 • 08 

(2 • 23–7 • 34) 

5 607 1 • 31 

(0 • 49–3 • 47) 

0 786 NA 

retired people 104 1705 7 • 18 

(4 • 58–11 • 08) 

6 731 1 • 34 

(0 • 46–3 • 83) 

0 1733 NA 

clinicians 6 94 9 • 90 

(4 • 07–22 • 13) 

1 111 1 • 37 

(0 • 22–8 • 08) 

0 321 NA 

Underlying medical 

conditions ∗
0 • 859 0 • 872 0 • 255 

no 298 9376 4 • 41 

(3 • 49–5 • 55) 

38 8904 0 • 45 

(0 • 28–0 • 71) 

1 11,110 NA 

yes 56 1512 4 • 56 

(2 • 92–7 • 04) 

4 1344 0 • 40 

(0 • 10–1 • 64) 

1 1762 NA 

Living in Wuhan NA < 0 • 001 1 

no 0 0 NA 36 10,080 0 • 33 

(0 • 17–0 • 63) 

2 12,800 NA 

yes 377 11,353 4 • 43 

(3 • 48–5 • 62) 

12 552 2 • 13 

(1 • 11–4 • 06) 

0 72 NA 

Travelling to Wuhan NA 0 • 146 1 

no NA NA NA 45 10,387 0 • 42 

(0 • 24–0 • 75) 

2 12,839 NA 

yes NA NA NA 3 245 1 • 10 

(0 • 33–3 • 54) 

0 33 NA 

( continued on next page ) 
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Table 1 ( continued ) 

Wuhan Hubei outside of Wuhan Six other provinces outside Hubei 

No. 

seropositivity 

No. 

respondents 

Weighted 

prevalence(%) 

p value No. 

seropositivity 

No. 

respondents 

Weighted 

prevalence(%) 

p value No. 

seropositivity 

No. 

respondents 

Weighted 

prevalence(%) 

p value 

Living in Hubei outside 

of Wuhan 

0 • 055 NA 1 

no 371 10,954 4 • 54 

(3 • 57–5 • 76) 

0 0 NA 2 12,579 NA 

yes 6 399 1 • 25 

(0 • 42–3 • 66) 

48 10,632 0 • 44 

(0 • 26–0 • 76) 

0 293 NA 

Travelling to Hubei, 

excluding Wuhan 

0 • 227 NA 1 

no 371 11,152 4 • 46 

(3 • 53–5 • 63) 

NA NA NA 2 12,826 NA 

yes 6 201 2 • 64 

(0 • 99–6 • 86) 

NA NA NA 0 46 NA 

Travelling aboard 0 • 107 < 0 • 001 1 

no 375 11,318 4 • 40 

(3 • 47–5 • 57) 

47 10,623 0 • 43 

(0 • 25–0 • 74) 

2 12,782 NA 

yes 2 35 9 • 73 

(3 • 54–24 • 04) 

1 9 19 • 29 

(5 • 02–51 • 93) 

0 90 NA 

Contact with COVID-19 

patients 

< 0 • 001 < 0 • 001 1 

no 332 11,076 3 • 99 

(3 • 23–4 • 91) 

38 10,577 0 • 29 

(0 • 16–0 • 51) 

2 12,853 NA 

yes 45 277 18 • 95 

(10 • 5–31 • 79) 

10 55 30 • 73 

(17 • 67–43 • 8) 

0 19 NA 

Contact with febrile 

patients or patients 

with respiratory 

illness 

< 0 • 001 < 0 • 001 1 

no 307 10,760 3 • 76 

(3 • 04–4 • 64) 

41 10,432 0 • 40 

(0 • 22–0 • 72) 

2 12,690 NA 

yes 70 593 14 • 96 

(8 • 44–2513) 

7 200 3 • 44 

(1 • 1–10 • 22) 

0 182 NA 

Note: ∗ Sums of values may not equal totals due to missing data. NA = data were not available. P valu e was calculated by using Rao-Scott Chi-Square tests and 95%CI based on Wilson confidence limits. 
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Fig. 2. Seroprevalence of SARS-CoV-2 neutralizing antibodies in China, April 2020, by county. 
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act with ill individuals. Wuhan had the highest weighted sero- 

revalence at 4 • 43% (95% CI = 3 • 48% −5 • 62%), followed by Hubei-ex-

uhan (0 • 44%, 95% CI = 0 • 26% −0 • 76%) and the six other provinces

 < 0 • 1%, 2/12,872). A gradient of decreasing seropositivity was ob- 

erved in regions encircling Qiaokou District of Wuhan ( Fig. 2 ) and 

as correlated with the reported cumulative incidence of COVID- 

9 in the counties ( r = 0 • 917; p < 0 • 001) (appendix p 20). 

ymptoms and self-recalled diagnosis of COVID-19 

Table 2 shows subject-perceived symptoms by age, sex, and 

eropositivity status. Between December 2019 and March 2020, 

228 subjects (3 • 5%) reported having had symptoms of illness. Par- 

icipants in Wuhan more frequently reported illness (4 • 8% vs. 3 • 0%

n Hubei-ex-Wuhan and 2 • 8% in the other provinces, p < 0 • 001). 

Among the 427 seropositive participants, 101 (23 • 7%) reported 

ither fever, cough, or shortness of breath between December 2019 

nd the time of survey. NAb GMTs were 33 ±2 • 1 among diagnosed

OVID-19 cases and 30 ±2 • 4 among those who reported an illness 

 n = 101) - all significantly higher than GMTs of the 326 seropos-

tive participants who reported no symptoms during study period 

GMT = 15 ±2 • 1, p < 0 • 001) ( Fig. 3 ). 

actors predicting seropositivity 

In multivariable mixed-effects logistic regression models ad- 

usted for two nested levels of clustering at the community and 

ounty levels, living in Wuhan (adjusted Odds Ratio [aOR] = 13 • 70, 
7 
5% CI = 7 • 91–23 • 75), contact with COVID-19 patients (aOR = 7 • 35,

5% CI = 5 • 05–10 • 69) and age over 40 years (aOR = 1 • 36, 95%

I = 1 • 07–1 • 72) were significantly associated with SARS-CoV-2 posi- 

ivity. There was no significant difference in seropositivity by pres- 

nce or absence of underlying medical conditions (appendix p 16). 

iscussion 

Our serological surveys showed that one month after contain- 

ent of the first wave of COVID-19 in China, SARS-CoV-2 sero- 

revalence was 4 • 4% in Wuhan City, 0 • 4% in Hubei-ex-Wuhan, and 

 0 • 1% in six additional provinces in China that had been selected 

ased on COVID-19 incidence and control strategy. Extrapolation of 

hese results implies that after the first wave of COVID-19 in China, 

pproximately 50 0,0 0 0 people in Wuhan City, 210,0 0 0 people in 

ubei-ex-Wuhan, and 120,0 0 0 people in provinces outside Hubei 

ad antibodies to SARS-CoV-2 and therefore had been infected. Es- 

imated seropositivity was highly correlated with reported COVID- 

9 incidence. The low seroprevalence shows that the infected pop- 

lation in the first wave of COVID-19 was relatively small in China, 

eaving virtually the entire population susceptible to SARS-CoV-2 

nfection. 

The steep gradient of seroprevalence, with Wuhan at the 

eak, Hubei with low seroprevalence, and the outer provinces 

ith nearly unmeasurable seroprevalences, provides evidence 

upporting success of the containment strategy and travel restric- 

ions at stopping transmission. That transmission was stopped 

espite most infections being asymptomatic supports case iden- 
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Table 2 

Self-perceived symptoms during December 2019 and March 2020, by region, sex, age group, 

and seropositivity. 

With symptoms (%) ∗ p value 

Regions < 0 • 001 

Wuhan 548/11,353 (4 • 8) 

Hubei-ex-Wuhan 320/10,632 (3 • 0) 

Six provinces outside Hubei 360/12,872 (2 • 8) 

Gender 1 • 00 

Female 630/17,895 (3 • 5) 

Male 598/16,962 (3 • 5) 

Age in years < 0 • 001 

1–9 years 152/3264 (4 • 7) 

10–19 years 77/3388 (2 • 3) 

20–39 years 439/9701 (4 • 5) 

40–59 years 349/11,547 (3 • 0) 

60 + years 211/6957 (3 • 0) 

Underlying medical conditions < 0 • 001 

yes 220/4618 (4 • 8) 

no 920/29,390 (3 • 1) 

SARS-CoV-2-specific neutralizing antibody positive < 0 • 001 

yes 101/427 (23 • 7) 

no 1127/34,430 (3 • 3) 

Note: Self-perceived symptoms included fever, cough, and shortness of breath. 

Fig. 3. SARS-CoV-2-specific neutralizing antibodies distribution among 427 seropositive participants, by illness presentation. 
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ification/isolation and quarantine of close contacts as a core 

ontainment strategy [6] . Our estimate of 4 • 4% SARS-CoV-2 sero- 

revalence in Wuhan is similar to an estimate of 4% seroprevalence 

mong 452 Hong Kong residents evacuated from Hubei (80% from 

uhan) [15] . Wu and colleagues found 10% seroprevalence in 

atients in a hospital in Wuhan [16] , similar to the peak district- 

evel seoprevalence we found. Although our study did not provide 

 unified national estimate of SARS-CoV-2 seroprevalence, our 

stimates can contribute to the growing global seroprevalence 

ata including Switzerland’s (11%) and Spain’s (3.7% −6.2%) recent 

ational estimates [17–19] . 

SARS-CoV-2 infected people of all ages, but adults more than 

hildren, similar to other studies [17 , 18] . Having an underlying 

edical condition was not related to seropositivity, even though 

nderlying medical conditions are known to be risk factors for 

OVID-19 and severity of illness [20] . We found that people with 
8 
nderlying medical conditions were slightly more likely to have 

ymptoms. Contact with the COVID-19 case had the strongest as- 

ociation with infection – seven times higher than among those 

ecalling no contact. 

Three quarters of seropositive individuals perceived no COVID- 

9 symptoms. The finding that most infections were asymptomatic 

s different from previous estimates of 10% to 30% asymptomatic 

nfection rates [21 , 22] , but similar to an estimate from a cruise 

hip outbreak (67% asymptomatic) [23] , and with an outbreak in 

 homeless shelter (87% asymptomatic) [24] . In a skilled nursing 

ome, 57% of residents with SARS-CoV-2 infection were asymp- 

omatic [25] . The high proportion of asymptomatic infections im- 

lies a lower infection-fatality rate than some estimates [20 , 26] . 

Strengths of our study relate to the survey and laboratory meth- 

ds. The surveys were representative and had large sample sizes 

ith good response rates. The timing of the survey assessed extent 
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f infection after containment of the first national epidemic wave. 

he laboratory testing strategy was sensitive and specific, and was 

imilar to the strategy suggested by Perera and colleagues [27] , us- 

ng sensitive screening tests and sensitive and specific verification 

ith micro-neutralization assays in a BSL-3 laboratory that used 

 low threshold of positivity (NAb ≥ 4) to avoid underestimating 

eropositivity. 

Limitations to our study included that seven of mainland 

hina’s 31 provinces were assessed, rather than all provinces. Since 

hese provinces were selected based on reported COVID-19 inci- 

ence and prevention strategy and included the highest incidence 

rovinces, and since county-level COVID-19 incidence was highly 

orrelated with seroprevalence, we believe that the results of the 

ix provinces provide an upper limit of seroprevalence for all of 

ainland China outside of Hubei. A second limitation is that re- 

pondents were asked about symptoms that may have occurred 

everal months earlier, resulting in recall bias. Although the risk 

f infection was not related to presence of medical conditions, our 

tudy did not have sufficient statistical power to evaluate risk for 

pecific medical conditions, such as immunodeficiency syndromes. 

hird, since we included only fever, cough, and shortness-of-breath 

n our definition of symptomatic, subjects with other symptoms 

ssociated with COVID-19 (e.g., fatigue, headache, myalgia, sore 

hroat, coryza, diarrhea, loss of smell, and loss of taste) would 

e considered asymptomatic if they had only non-queried symp- 

oms. This would result in an overestimation of the proportion of 

symptomatic infections. Finally, our finding that the oldest age 

roup did not have the highest risk of infection, and that medical 

onditions were unrelated to infection risk is subject to survivor 

ias. 

Our study has implications for prevention and control of COVID- 

9. The low population seroprevalence and its steep gradient from 

uhan on out, combined with COVID-19 surveillance, indicate that 

ontainment was successful, and provide a measure of confidence 

hat future waves can be stopped [7 , 28] . That the strongest risk

actor for infection was contact with individuals with COVID-19 

upports isolation of infected individuals and tracing and quaran- 

ine of close contacts to interrupt virus transmission [6] . 

Disease surveillance will continue to be critically important and 

hould be intensified. We found that asymptomatic SARS-CoV-2 

nfections were prominent in the spectrum of illness caused 

y SARS-CoV-2, and even though asymptomatic infections may 

ot transmit well, they can transmit and must be considered 

n containment and surveillance strategies. If one estimates the 

umber of infections in the first epidemic wave based on our 

erological survey, it is apparent that most infections were not 

etected, showing the need for developing innovative ways to 

onduct surveillance for asymptomatic and mild infections. 

Most important, the finding of low seroprevalence implies that 

he population of China has virtually no immunity to SARS-CoV- 

 and is vulnerable to future waves of COVID-19. As evidenced, 

ainland China has had to contain four importation caused local 

ransmission outbreaks since April – Jilin (43 COVID-19 cases, May 

–24), Beijing (335 cases, June 12–July 6), Dalian (93 cases, July 

3-August 6), and Xinjiang (828 cases, July 17–August 16) [29–33] . 

Maintaining low or no virus transmission has a very high 

ealth and socioeconomic value, but maintaining virus elimina- 

ion with only non-pharmaceutical interventions (NPIs) has a high 

ocioeconomic cost and is unsustainable in the long-term. Vac- 

ines will almost certainly be approved for use that can augment 

utbreak containment strategies with outbreak response immu- 

ization, helping ensure outbreaks are controlled and stopped. As 

arket-authorized vaccine supplies increase, population risk and 

usceptibility can be replaced by vaccine-induced herd immunity 

n an ethically, epidemiologically, and logically sound sequence of 

accination effort s. Domestic vaccine supply will need to be bal- 
9 
nced with vaccine exports, as COVID-19 vaccines are a global pub- 

ic good. 

Additional knowledge is needed. The nature of immunity to 

ARS-CoV-2 is incompletely understood and reliable immunologic 

orrelates of protection have not been identified. Duration of 

nfection- and vaccine-induced herd immunity and the risk of rein- 

ection are unknown [34] . As vaccine is introduced and direct pro- 

ection increases, evaluation and modeling will be needed to de- 

ermine which, if any, NPIs should remain and under what circum- 

tances. Prevention and control of COVID-19 will be a long-term 

ffort, requiring considerable domestic work and global collabora- 

ion. 

ontributors 

ZL and GFG had full access to all of the data in the study and

ake responsibility for the integrity of the data and the accuracy 

f the data analysis. ZL, HL, YQ, ZA, LL, HS, and WX designed and 

oncepted the study. JS, LW, QG, NX, JL, BZ, XS, MW, XW, WY, WG, 

S, and XY collated and collected data. JL, YL, JY, and ZP analyzed 

he data. ZL, NM, ZZ, YQ, JY, and LR wrote the first draft. LL, HS,

H, ZF, XG, and GFG interpreted the findings and commented on 

nd revised drafts of the manuscript. GFG, ZL, LL, HS, NH, WY, XW, 

nd TS received funding. GFG and ZF supervised the study. All au- 

hors contributed to reviewing, revising, and approving the final 

anuscript. ZL, XG, NM, HL, YQ, NH, ZZ and JY contributed equally 

o this work. 

cknowledgements 

This study was supported by the Ministry of Science and Tech- 

ology of China, National Key R&D Program ( 2020YFC0846900 ) 

nd the National Natural Science Foundation ( 82041026 , 82041027 , 

2041028 , 82041029 , 82041030 , 82041032 , 82041033 ). We ac- 

nowledge staff members of the county-, district-, and province- 

evel Centers for Disease Control and Prevention of China for their 

ssistance in the field investigation and data collection. 

eclaration of Competing Interest 

The authors declare that they have no competing interests. 

ata sharing 

Data will become publicly available upon request from the cor- 

esponding author. 

Editor note: The Lancet Group takes a neutral position with re- 

pect to territorial claims in published maps and institutional affil- 

ations. 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi: 10.1016/j.lanwpc.2021.10 0 094 . 

eferences 

[1] Zhu N , Zhang D , Wang W , Li X , Yang B , Song J , et al. A novel coronavirus from

patients with pneumonia in China. New Engl J Med 2020 2019;382(8):727–33 . 
[2] Tan W , Zhao X , Ma X , Wang W , Niu P , Xu W , et al. A novel coronavirus genome

identified in a cluster of pneumonia cases — Wuhan, China 2019 −2020. China 
CDC Wkly 2020;2(4):61–2 . 

[3] Wei Q , Wang Y , Ma J , Han J , Jiang M , Zhao L , et al. Description of the first

strain of 2019-nCoV, C-Tan-nCoV Wuhan strain — national pathogen resource 
center, China. China CDC Wkly 2020;2(6):81–2 2020 . 

[4] Li Q , Guan X , Wu P , Wang X , Zhou L , Tong Y , et al. Early transmission dynam-
ics in Wuhan, China, of novel coronavirus–infected pneumonia. N Engl J Med 

2020;382(13):1199–207 . 

https://doi.org/10.1016/j.lanwpc.2021.100094
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0001
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0001
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0001
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0001
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0001
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0001
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0001
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0001
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0002
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0002
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0002
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0002
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0002
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0002
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0002
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0002
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0003
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0003
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0003
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0003
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0003
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0003
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0003
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0003
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0004
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0004
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0004
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0004
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0004
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0004
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0004
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0004


Z. Li, X. Guan, N. Mao et al. The Lancet Regional Health - Western Pacific 8 (2021) 10 0 094 

 

 

 

[  

 

 

 

 

 

 

 

[

[  

[  

[  

[  

[  

[  

[  

[  

[

[  

[  

[  

[  

[  
[5] World Health Organization WHO coronavirus disease (COVID-19) situation 
dashboard; 2020. https://covid19.who.int/ (accessed November 31, 2020 . 

[6] Li Z , Chen Q , Feng L , Rodewald L , Xia Y , Yu H , et al. Active case finding with
case management: the key to tackling the COVID-19 pandemic. Lancet N Am 

Ed 2020;396(10243):63–70 . 
[7] Zhou L , Wu Z , Li Z , Zhang Y , McGoogan JM , Li Q , et al. One hundred days

of coronavirus disease 2019 prevention and control in China. Clin Infect Dis 
2020:ciaa725 . 

[8] National health commission of the People’s Republic of China; 2020. Up- 

dates: COVID-19 incidence in ChinaMarch 31, 2020 http://www.nhc.gov. 
cn/xcs/yqtb/202004/28668f987f3a4e58b1a2a75db60d8cf2.shtml (accessed Au- 

gust 31, 2020) . 
[9] Ren X , Li Y , Yang X , Li Z , Cui J , Zhu A , et al. Evidence for pre-symptomatic

transmission of coronavirus disease 2019 (COVID-19) in China. Influenza and 
other respiratory viruses; 2020 . 

[10] National health commission of the People’s Republic of China. Protocol 

for prevention and control of COVID-19 (Edition 6). China CDC Wkly 
2020;2(19):321–6 . 

[11] Chinese center for disease control and prevention. Technical guidelines for 
COVID-19 laboratory testing. China CDC Wkly 2020;2(19):332–6 . 

12] Gutiérrez-Cobos A , Gómez de Frutos S , Domingo García D , Navarro Lara E , Yarci
Carrión A , Fontán García-Rodrigo L , et al. Evaluation of diagnostic accuracy of

10 serological assays for detection of SARS-CoV-2 antibodies. Eur J Clin Micro- 

biol Infect Dis 2020 . 
[13] Wang D-Q , Huang A-l , Zhou F-C , Hu P , Wang D-X , He C-l , et al. A pep-

tide-based magnetic chemiluminescence enzyme immunoassay for serological 
diagnosis of coronavirus disease 2019. J Infect Dis 2020;222(2):189–93 . 

[14] National medical products administration. national medical products ad- 
ministration approved rapid diagnostic kits for COVID-19: national medi- 

cal products administration; 2020. https://www.nmpa.gov.cn/yaowen/ypjgyw/ 

20200327182401511.html accessed September 30 2020 . 
[15] To KK-W , Cheng VC-C , Cai J-P , Chan K-H , Chen L-L , Wong L-H , et al. Seropreva-

lence of SARS-CoV-2 in Hong Kong and in residents evacuated from Hubei 
province, China: a multicohort study. Lancet Microbe 2020;1(3):e111–e1e8 . 

[16] Wu X , Fu B , Chen L , Feng Y . Serological tests facilitate identification
of asymptomatic SARS-CoV-2 infection in Wuhan, China. J Med Virol 

2020;92(10):1795–6 . 

[17] Pollán M , Pérez-Gómez B , Pastor-Barriuso R , Oteo J , Hernán MA ,
Pérez-Olmeda M , et al. Prevalence of SARS-CoV-2 in Spain (ENE-COVID): 

a nationwide, population-based seroepidemiological study. Lancet N Am Ed 
2020;396(10250):535–44 . 

[18] Stringhini S , Wisniak A , Piumatti G , Azman AS , Lauer SA , Baysson H ,
et al. Seroprevalence of anti-SARS-CoV-2 IgG antibodies in Geneva, 

Switzerland (SEROCoV-POP): a population-based study. Lancet N Am Ed 

2020;396(10247):313–19 . 
[19] World Health Organization Solidarity II" global serologic study for COVID- 

19; 2020. https://www.who.int/emergencies/diseases/novel-coronavirus-2019/ 
global-research-on-novel-coronavirus-2019-ncov/solidarity-2-global-serologic-

study- for- covid- 19 (accessed September 30 2020) . 
10 
20] Wu Z , McGoogan JM . Characteristics of and important lessons from the coron- 
avirus disease 2019 (COVID-19) outbreak in China. JAMA 2020;323(13) . 

21] Mizumoto K , Kagaya K , Zarebski A , Chowell G . Estimating the asymp-
tomatic proportion of coronavirus disease 2019 (COVID-19) cases on board 

the diamond princess cruise ship, Yokohama, Japan, 2020. Eurosurveillance 
2020;25(10) . 

22] Bi Q , Wu Y , Mei S , Ye C , Zou X , Zhang Z , et al. Epidemiology and transmission
of COVID-19 in 391 cases and 1286 of their close contacts in Shenzhen, China: 

a retrospective cohort study. Lancet Infect Dis 2020;20(8):911–19 . 

23] Hung IF-N , Cheng VC-C , Li X , Tam AR , Hung DL-L , Chiu KH-Y , et al. SARS-CoV-2
shedding and seroconversion among passengers quarantined after disembark- 

ing a cruise ship: a case series. Lancet Infect Dis 2020;20(9):1051–60 . 
24] Baggett TP , Keyes H , Sporn N , Gaeta JM . Prevalence of SARS-CoV-2 infection in

residents of a large homeless shelter in Boston. JAMA 2020;323(21):2191–2 . 
25] Kimball A , Hatfield KM , Arons M , James A , Taylor J , Spicer K , et al. Asymp-

tomatic and presymptomatic SARS-CoV-2 infections in residents of a long-term 

care skilled nursing facility — King County, Washington, March 2020. MMWR 
Morb Mortal Wkly Rep 2020;69(13):377–81 . 

26] Deng X , Yang J , Wang W , Wang X , Zhou J , Chen Z , et al. Case fatality risk of
the first pandemic wave of coronavirus disease 2019 (COVID-19) in China. Clin 

Infect Dis 2020:ciaa578 . 
27] Perera RAPM , Mok CKP , Tsang OTY , Lv H , Ko RLW , Wu NC , et al. Serological as-

says for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), March 

2020. Eurosurveillance 2020;25(16) . 
28] Pan A , Liu L , Wang C , Guo H , Hao X , Wang Q , et al. Association of pub-

lic health interventions with the epidemiology of the COVID-19 outbreak in 
Wuhan, China. JAMA 2020;323(19):1–9 . 

29] Chinese center for disease control and prevention. Tracking the Epidemic; 
2020. http://weekly.chinacdc.cn/news/TrackingtheEpidemic.htm (accessed Au- 

gust 31 2020 . 

30] Chen C , Zhao X , Wang D , Li J , Wang A , Wu D , et al. The initial case of
COVID-19 — Shulan City, Jilin Province, China, May 8, 2020. China CDC Wkly 

2020;2(25):458–9 . 
31] Tan W , Niu P , Zhao X , Pan Y , Zhang Y , Chen L , et al. Reemergent cases of

COVID-19 — Xinfadi wholesales market, Beijing municipality, China, June 11, 
2020. China CDC Wkly 2020;2(27):502–4 . 

32] Zhao X , Mao L , Zhang J , Zhang Y , Song Y , Bo Z , et al. Reemergent cases of

COVID-19 — Dalian City, Liaoning province, China, July 22, 2020. China CDC 
Wkly 2020;2(34):658–60 . 

33] Chen C , Ma H , Jia Z , Zhao X , Wang D , Zhao J , et al. Reemergent cases of
COVID-19 — Xinjiang Uygur autonomous region, China, July 16, 2020. China 

CDC Wkly 2020;2(39):761–3 . 
34] Long Q-X , Tang X-J , Shi Q-L , Li Q , Deng H-J , Yuan J , et al. Clinical and im-

munological assessment of asymptomatic SARS-CoV-2 infections. Nat Med 

2020;26(8):1200–4 . 

https://covid19.who.int/
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0006
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0006
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0006
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0006
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0006
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0006
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0006
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0006
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0007
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0007
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0007
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0007
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0007
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0007
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0007
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0007
http://www.nhc.gov.cn/xcs/yqtb/202004/28668f987f3a4e58b1a2a75db60d8cf2.shtml
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0009
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0009
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0009
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0009
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0009
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0009
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0009
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0009
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0010
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0011
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0012
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0012
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0012
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0012
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0012
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0012
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0012
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0012
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0013
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0013
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0013
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0013
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0013
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0013
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0013
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0013
https://www.nmpa.gov.cn/yaowen/ypjgyw/20200327182401511.html
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0015
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0015
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0015
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0015
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0015
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0015
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0015
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0015
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0016
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0016
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0016
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0016
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0016
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0017
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0017
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0017
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0017
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0017
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0017
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0017
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0017
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0018
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0018
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0018
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0018
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0018
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0018
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0018
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0018
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/global-research-on-novel-coronavirus-2019-ncov/solidarity-2-global-serologic-study-for-covid-19
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0020
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0020
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0020
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0021
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0021
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0021
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0021
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0021
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0022
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0022
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0022
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0022
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0022
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0022
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0022
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0022
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0023
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0023
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0023
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0023
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0023
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0023
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0023
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0023
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0024
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0024
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0024
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0024
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0024
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0025
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0025
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0025
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0025
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0025
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0025
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0025
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0025
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0026
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0026
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0026
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0026
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0026
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0026
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0026
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0026
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0027
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0027
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0027
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0027
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0027
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0027
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0027
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0027
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0028
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0028
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0028
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0028
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0028
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0028
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0028
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0028
http://weekly.chinacdc.cn/news/TrackingtheEpidemic.htm
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0030
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0030
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0030
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0030
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0030
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0030
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0030
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0030
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0031
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0031
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0031
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0031
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0031
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0031
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0031
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0031
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0032
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0032
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0032
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0032
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0032
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0032
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0032
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0032
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0033
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0033
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0033
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0033
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0033
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0033
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0033
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0033
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0034
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0034
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0034
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0034
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0034
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0034
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0034
http://refhub.elsevier.com/S2666-6065(21)00003-1/sbref0034

	Antibody seroprevalence in the epicenter Wuhan, Hubei, and six selected provinces after containment of the first epidemic wave of COVID-19 in China
	Research in context
	Introduction
	Methods
	Study design and participants
	Procedures
	Screening and confirmatory testing
	Statistical analysis
	Role of the funding source

	Results
	Participants
	Seroprevalence of SARS-CoV-2-specific neutralizing antibodies
	Symptoms and self-recalled diagnosis of COVID-19
	Factors predicting seropositivity

	Discussion
	Contributors
	Acknowledgements
	Declaration of Competing Interest
	Data sharing
	Supplementary materials
	References


