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Ratio of asymptomatic COVID-19 cases
among ascertained SARS-CoV-2
infections in different regions and
population groups in 2020: a systematic
review and meta-analysis including 130
123 infections from 241 studies

Xiao Chen," Ziyue Huang,? Jingxuan Wang
Martin Chi-Sang Wong,® Ka Chun Chong

ABSTRACT

Introduction Asymptomatic infection of SARS-CoV-2 may
lead to silent community transmission and compromise
the COVID-19 pandemic control measures. We aimed

to estimate the rate of asymptomatic COVID-19 from
published studies and compare this rate among different
regions and patient groups.

Methods In this systematic review and meta-analysis,
electronic databases including Medline, Embase, PubMed
and three Chinese electronic databases (Chinese National
Knowledge Infrastructure [CNKI], WanFang Data and
China Science, and Technology Journal Database [VIP])
were searched for literature published from 1 November
2019 to 31 December 2020. Original investigations with
sample size (or number of subjects) not less than five
were included for further analyses. Subgroup analyses
were conducted according to different study types, study
periods, geographical regions and patient demographics.
The STATA (V.14.0) command ‘metaprop’ was implemented
to conduct a meta-analysis of the pooled rate estimates
of asymptomatic infections with exact binomial and score
test-based 95% confidence interval (Cl).

Results A total of 130 123 ascertained COVID-19
infections from 241 studies were included in this meta-
analysis, including 31 411 asymptomatic infections.

The overall rate of asymptomatic infections was 23.6%
(18.5%—29.1%) and 21.7% (16.8%—27.0%) before and
after excluding presymptomatic cases, respectively.
Subgroup analysis showed that significantly higher

in pregnant women (48.8%, 28.9%—68.9%), children
(32.1%, 24.2%—-40.5%), and studies reporting screening
programmes (36.0%, 24.6%—-48.1%) conducted on or
after 1 March 2020 (42.5%, 33.4%—-51.9%). In terms of
geographical region, the rate was the highest in Africa
(64.3%, 56.7%—71.6%), followed by America (40.0%,
27.4%-53.3%), Europe (28.1%, 19.0%—-38.1%) and Asia
(18.1%, 13.2%-23.5%).

Conclusion We approximated that one-fifth of COVID-19
infections are asymptomatic throughout the course of
infection. Public health policies targeting these high-

risk groups may be recommended to achieve early

.3 Shi Zhao,?

3 Daihai He @ ,* Jinhui Li ®3

Strengths and limitations of this study

» The comprehensive systematic literature search in-
cluded a greater number of studies which reported
varied rates of asymptomatic infections.

» Several subgroup analyses were conducted by con-
sidering different aspects of the study design.

» Heterogeneity in rates of asymptomatic infections
shall be noted.

» The cross-sectional design of most reviewed studies
may misclassify ‘pre-symptomatic’ as ‘symptomat-
ic’ infections.

identification and more stringent containment of the
pandemic.

INTRODUCTION

In 2019, a cluster of severe pneumonia cases
of unknown type were reported in Wuhan,
China." Later coined as COVID-19, it rapidly
resulted in large-scale outbreaks across many
regions. On 30 January 2020, the WHO
declared COVID-19 as a public health emer-
gency of international concern® and further
defined it as a pandemic on 11 March 2020.
As of 29 October 2021, a cumulative total
of 245 373 039 COVID-19 cases have been
confirmed globally, with 4 979 421 associated
deaths.

The pathogen of COVID-19, that is, SARS-
CoV-2, is highly contagious and could be
transmitted from human to human.'® The
viral load of an asymptomatic patient has
been found to be similar to that of a symp-
tomatic patient in a study of nine patients,”*
and this observation was later confirmed in

a study involving large samples.” The early
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peaking of SARS-CoV-2 viral load during the presymp-
tomatic phase may cause silent community outbreaks.”
Further investigations also found that asymptomatic
infections may carry SARS-CoV-2 for more than 1 month,
indicating the long-lasting risk of secondary infection.”!
Determining the rate of asymptomatic is important as it
may deepen the understanding of the real reproductive
number (R)),aswellasthe trueincidence and mortalityrate
of COVID-19. The rates may also function as an essential
epidemiological parameter to inform disease-combating
policies, including the density and range of screening,
patient isolation, as well as early intervention.'* Neverthe-
less, the significance of the invisibly infected person as
the source of infection depends on the distribution in the
population and on the amount and duration of the virus
excreted.'”” The reported proportions of asymptomatic
individuals in existing literature varied a lot,'* depending
on research setting (e.g., geographical regions, screening
vs non-screening studies), demographic characteristics
(e.g., age groups, pregnant women, children) and other
latent factors. A systematic review and meta-analysis was
performed to estimate the rate of asymptomatic infec-
tions based on published studies and compare the rate
among different patient groups as well as study settings.

METHODS

Search strategy

This systematic review and meta-analysis was conducted
strictly following the ‘Preferred Reporting Items for
Systematic Reviews and Meta-Analyses’ guideline.'* XC
and ZH searched Medline, Embase, PubMed and the
three most commonly used Chinese electronic data-
bases (Chinese National Knowledge Infrastructure
[CNKI], WanFang Data, and China Science and Tech-
nology Journal Database [VIP]) from 1 November 2019
to 31 December 2020. CNKI, WanFang Data and VIP are
affiliates of the Chinese Ministry of Science and Tech-
nology, which provides access to peerreviewed, continu-
ously updated research journal articles in Chinese. The
search string related to ‘COVID-19” and ‘asymptomatic’
was systematically developed in PubMed using Medical
Subject Headings (MeSH) terms and was applied to all
databases after discussion with an experienced librarian
(Maggie Choi). The ‘Text Word’ search field was used to
ensure the best possible search evidence (online supple-
mental table 1). No filters or limitations were applied to
retrieve the best possible results and to avoid excluding
preindexed materials. Meanwhile, highly relevant refer-
ences were also searched (by XC and ZH) by reviewing
the reference list of the included articles. Two reviewers
(XC and ZH) independently determined eligible studies.
Consensus was reached by referral to a third reviewer
(JW) when there was disagreement. All manuscripts were
imported into the EndNote software (V.X8; Thomson
Reuters, Carlsbad, California) to store and manage the
retrieved citations. Duplicate studies were removed.

Asymptomatic case and asymptomatic ratio

Several similar definitions of ‘asymptomatic case’ were
noted in previous studies."” We followed the official defi-
nition from the State Council of China and the WHO,16 17
defining ‘asymptomatic case’ as individuals who (1) have
no clinical manifestations of COVID-19, such as fever,
cough, sore throat and other self-perceived or clinically
identifiable symptoms and signs; (2) have positive result
for SARS-CoV-2 pathogen test; and (3) do not develop
symptoms until the end of hospital admission or follow-up
observations. Asymptomatic COVID-19 infection rate, or
asymptomatic ratio, is calculated as the proportion of
asymptomatic cases among all COVID-19 infections.

Literature screening and selection criteria

All studies were screened first by title and abstract,
followed by full text if the study met the inclusion criteria,
which consist of the following: (1) the subjects of the
study were diagnosed with SARS-CoV-2 infection; (2) the
study was designed as an observational study; and (3) the
number of asymptomatic and symptomatic COVID-19
infections was explicitly and exactly reported.

Literature screening was conducted without language
or region restrictions. The exclusion criteria were as
follows: (1) the study included patients without virological
evidence of SARS-CoV-2 infection; (2) the study did not
investigate the distribution of asymptomatic COVID-19
infections among all subjects; (3) the study was not classi-
fied as original research, such as reviews, comments and
case reports; and (4) the study had an overall sample size
of less than five.

If the same group of subjects was reported by different
articles, only articles with the most updated and detailed
information were included for further analysis.

Data extraction and subgrouping schemes

For eligible articles, two types of information were inde-
pendently extracted by two reviewers (XC and ZH): (1)
basic information of individual studies, including name
of the first author, investigation period, geographical
region, sample size and characteristics of the subjects;
and (2) the number of COVID-19 infections, including
the total number of test-positive subjects, the number
of presymptomatic infections and that of asymptomatic
infections.

To ensure accuracy of data, cross-checking was
conducted after extraction of the preliminary informa-
tion. Disagreements were resolved through consensus or
by referral to a third reviewer (JW).

To explore the source of heterogeneity among
the included studies, several subgroup analyses were
performed according to study design and characteristics
of subjects in each study. First, we identified three groups
based on subjects’ demographic features: the ‘children’
group, consisting of subjects less than 18 years old; the
‘pregnant women’ group, involving expectant mothers
as subjects; and the ‘general population’ group. Second,
three age groups were identified according to subjects’
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Figure 1 Study selection process for meta-analysis.

CNKI, Chinese National Knowledge Infrastructure; PRISMA,
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses.

mean or median age: <18 years, 19-45 years and >45
years. The selection of the mean or median age followed
the statistics reported in each study. Third, studies were
categorised into ‘screening’ or ‘non-screening’ by refer-
ring to the positive rate of SARS-CoV-2 pathogen test
among the included subjects. In the screening studies,
the positive rate was less than 100%, while for non-
screening studies all subjects were tested positive. Fourth,
we separated studies based on subjects from different
geographical regions, including Africa, America, Asia and
Europe. Last, subgroup analysis was performed by study
period during which the subjects were tested for COVID-
19, including ‘before 01 March 2020’ or ‘01 March 2020
and afterwards’.

Quality assessment

The quality of each included study was independently
assessed by two researchers (XC and ZH) using the
Appraisal tool for Cross-Sectional Studies (AXIS tool),"
which has 5 components including 20 questions. Seven
questions measure the quality of reporting, another seven
questions measure the quality of study design, and six
questions measure the possible introduction of biases in
each study.

Statistical analysis

Accounting for all included studies, pooled estimates of
asymptomatic rates were generated with exact binomial-
distributed likelihood framework and score test-based
95% CIL.' The STATA (V.14.0) command ‘metaprop’ was
adopted to conduct the meta-analysis. Heterogeneity

across the studies was examined using P statistics,
measuring the proportion of total variation contributed
by between-study variation. P values <25%, 25%-75%
and >75% correspond to the thresholds for three ordinal
levels of heterogeneity, namely low, moderate and high,
respectively.'

Univariate and multivariate meta-regression analyses
were performed to identify any potential effects of modi-
fiers or confounders on the estimated rate. We exam-
ined the effects of covariates including study population,
age-specific proportion, screening/non-screening study,
geographical region and time trend in the multivariate
analysis. Sensitivity analysis was conducted by omitting
one study at a time, generating pooled estimates and
comparing with the original estimates. Potential publi-
cation bias was examined by Egger’s test and visualised
using a funnel plot. If the tests indicated potential publi-
cation bias, the trim and fill’s method, which is based on
a modified funnel plot, was adopted to adjust for small-
study effects.”’

All analyses were performed using STATA statistical
software (V.14.0). The figures were generated using R
software (V.3.6.3) with the ‘forestplot’ package.

RESULTS

Characteristics of studies and subjects

In total, 9 798 unique citations were identified by the
literature search in different databases (figure 1). We
screened and assessed the eligibility of 661 full-text arti-
cles after 9 137 citations were excluded during title or
abstract screening using predetermined criteria. Finally,
there were 241 studies in 240 articles included in the
meta-analysis, among which 3 studies were additional
records identified through reference lists.

The basic characteristics of the included studies are
shown in online supplemental table 2. The characteristics
include cities, countries and study periods when patients
with ascertained COVID-19 infections were recruited; the
number of positive tests and asymptomatic infections; the
number of presymptomatic infection in patients if avail-
able; and the demographics of study subjects. Approxi-
mately 72.9% (175 out of 241) of all included studies
were conducted in Asia, 11.7% in Europe and 10.42%
in America. In terms of study population, 80.5% were
performed in general adults, 12.4% in children and 7.1%
in pregnant women.

Quuality scores of AXIS for the included studies ranged
between 11 and 19 points, with 153 studies meeting the
criteria for high quality (=16 points) (see online supple-
mental table 8 for details). Overall, 97.9% (235 out of
240) of all studies met the criteria for both reporting the
aims/objectives and quality design, and the risk factors
and outcome variables were appropriate for the studies.

Asymptomatic ratio estimates
A total of 130 123 ascertained COVID-19 infections from
241 studies were finally included in the meta-analysis
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Author Country Proportion (95% CI) Weight Proportion (95% CI) Weight
Abeysurya S UK @ 0857 (0421,0.996) 0.37% = 0.857 (0.421,0.996) 0.37%
Adedsii 1A Nigeria — 0,604 (0.460, 0.735) 0.42% - 0.604 (0.460, 0.735) 0.42%
Adetola HH West Africa —————— 0444 (0.137, 0.788) 0.38% = 0444 (0.137, 0.788) 0.38%
Anerfi S France | —@—— 0.143 (0.067, 0.254) 0.42% - 0.143 (0,067, 0.254) 0.42%
Anmed MA Somalia ——— 0.327 (0.199, 0.475) 0.42% - 0.327 (0.198, 0475) 0.42%
Amazeedi S Kuwail o 0.463 (0.433, 0.493) 0.43% L] 0.431(0.401, 0.461) 0.43%
Alshahrani MS ‘Saudi Arabia — 0,667 (0.410,0.867) 0.40% - 0,667 (0.410, 0.867) 0.40%
Alshukry A Kuwait e 0.393(0.346,0.442) 0.43% = 0.393 (0,346, 0.442) 0.43%
Alsofayan YM Saudi Arabia @ 0,003 (0.074,0.115) 0.43% L] 0,003 (0.074, 0.115) 0.43%
AnYH China  —@—————— 0.111(0.003, 0.482) 0.38% ] 0.111(0.003,0482) 0.38%
Antonio-Villa NE Mexico @ 0,030 (0.027, 0.034) 0.43% L] 0,030 (0.027, 0.034) 0.43%
Arima Y Japan ——— 0.333 (0.009, 0.651) 0.39% - 0.333(0.009, 0.651) 0.39%
Arons MM us ———— 0.563 (0.412,0.705) 0.42% ] 0.063 (0,013, 0.472) 0.42%
Ashinyo ME Ghana @~ 0.857(0.812,0894) 043% = 0.857 (0,812, 0.894) 0.43%
Atakia HG Guinea . 0.306 (0.163, 0.481) 0.42% - 0.306 (0.163, 0.481) 0.42%
Backer JA China  }@— 0,023 (0.003, 0.080) 0.42% - 0,023 (0.003, 0.080) 0.42%
Balk China ——— 0.320(0.149, 0535) 0.41% - 0.320 (0149, 0.535) 0.41%
BaiM China | '@+ 0.078 (0.056, 0.108) 0.43% = 0.074(0.052,0.102) 0.43%
BalR China e 0.208(0.140,0.292) 0.43% - 0.208 (0140, 0.292) 0.43%
BaiSL China @ |0.714(0.290,0963) 0.37% - 0.571(0.184,0901) 0.37%
Bianco A us —— 0.167 (0.047,0.374) 0.41% ] 0.167 (0,047, 0.374) 0.41%
Biolocki M Switzerland e 0,553 (0.486, 0.618) 0.43% - 0.563(0.486, 0.618) 0.43%
BlainH China  /@— 0.018(0.000,0.097) 0.42% = 0.018(0.000, 0.097) 0.42%
Blain H France. e — 0.250 (0.121,0.422) 0.42% L] 0.250 (0.121,0.422) 0.42%
Bohmer MM Germany | ——@————— 0.125 (0,016, 0.383) 0.40% - 0.063 (0,002, 0.302) 0.40%
BresiinN us —————— 0.326(0.191,0.485) 0.42% L] 0,093 (0.026, 0221) 0.42%
Bruminhent J Thailand +@—— 0.038 (0,005, 0.130) 0.42% - 0.038 (0,005, 0.130) 0.42%
Cai H China ———— 0429 (0.288, 0.578) 0.42% = 0429 (0.288, 0.578) 0.42%
Caoum China ——————— 0.480(0.278, 0.687) 0.41% = 0.480(0.278, 0.687) 0.41%
Chan JF-W China  F———@+——————————— 0,167 (0.004,0.641) 0.37% L] 0.167 (0.004, 0.641) 0.36%
ChenB China | —@— 0072 (0.024,0.161) 0.42% - 0.072/(0.024,0.161) 0.42%
Cheny China @+ 0.028 (0.011,0.07) 0.43% - 0.028 (0,011, 0.057) 0.43%
Chen T China ——— 0.132(0.085, 0.229) 0.42% - 0.132 (0,065, 0.229) 0.42%
ChenY China o 0,187 (0.108,0217) 0.43% = 0.157 (0.108,0217) 0.43%
Chen'YJ China | r@— 0.077 (0,039, 0.133) 0.43% - 0.077 (0,039, 0.133) 0.43%
Cheng ZP China  -@——— 0.040 (0,001, 0.204) 0.41% - 0.040 (0,001, 0204) 0.41%
Choe PG South Korea —— 0.478(0.383, 0.574) 0.43% L] 0.478 (0,383, 0.574) 0.43%
COVID-19 National Incident Room Surveillance Team Australia —— 0471(0.413,0530) 0.43% = 0.471(0.413,0530) 0.43%
DaiY China ——— 0.364(0.108, 0.692) 0.39% - 0.364(0.108, 0.692) 0.39%
Deng W China e 0,623 (0.490, 0.744) 0.42% = 0,623 (0.490, 0.744) 0.42%
Ding Y China | —@— 0.054 (0.011,0.149) 0.42% - 0.054 (0,011, 0.149) 0.42%
Dong X China  —@- ] 0.091 (0,002, 0.413) 0.39% = 0.091 (0,002, 0.413) 0.39%
Dong XC China @~ 0.030 (0.008, 0.074) 0.43% - 0,030 (0.008, 0.074) 0.43%
Dong YY China ——— 0.378(0.225, 0.552) 0.42% - 0.378(0.225,0552) 0.42%
Dora AV us L rs . 0.316 (0.126, 0.566) 0.41% = 0.316 (0.126, 0.568) 0.41%
Erinoso OA Nigeria . 0.630 (0.591, 0.668) 0.43% = 0.630 (0,591, 0.668) 0.43%
Eythorsson E lcoland | ® 0.053 (0,042, 0.065) 0.43% [ 0.031 (0,023, 0.041) 0.43%
Fakir KE Morocco . 0.730 (0,614, 0.826) 0.42% L] 0.730 (0,614, 0.826) 0.42%
FanYZ China | —@— 0.127 (0.062,0.220) 0.42% - 0.063 (0,021, 0.142) 0.42%
Fassott MJ us - 91,000 (0.805, 1.000) 0.40% #0941 (0.713,0999) 0.40%
Feaster M us . 0.154(0.126, 0.184) 0.43% - 0.154 (0.126, 0.184) 0.43%
Felice C taly — 0,333 (0.133, 0.590) 0.40% - 0.333(0.133, 0.590) 0.40%
Feng XP Ghina ——— 0.154 (0,069, 0.281) 0.42% = 0.154 (0,069, 0.281) 0.42%
Foster CE us . 0,150 (0.139, 0.181) 0.43% = 0.159 (0.139, 0.181) 0.43%
Gao HY China —e— 0.188(0.115, 0.280) 0.42% - 0.188 (0.115, 0.280) 0.42%
GaoT China | —@—— 0.100(0.028, 0.237) 0.42% - 0.075 (0,016, 0.204) 0.42%
Gautret P France | —@—— 0.167 (0.064,0.328) 0.42% - 0.167 (0.064, 0.328) 0.42%
Gragos 12 Poru 10,956 (0,927, 0.976) 0.43% 0,956 (0.927, 0.976) 0.43%
Graham NSN UK —e— 0,300 (0.234,0.373) 0.43% - 0.300 (0.234, 0373) 0.43%
Grechukhina O us —— 0.312(0.237, 0.395) 0.43% - 0.312(0.237, 0395) 0.43%
Guo CX. China | @ 0,050 (0,036, 0.089) 0.43% - 0.059 (0.036, 0.089) 0.43%
Han RO China —— 0.157 (0.084,0.240) 0.43% - 0.157 (0.004, 0.240) 0.43%
He M China | —@—— 0.114/(0.032, 0.267) 0.42% = 0.114 (0,032, 0.267) 0.42%
He T China | +——@——1 0.167 (0.047,0.374) 0.41% - 0.167 (0,047, 0.374) 0.41%
He WE. China —— 0.208 (0.134,0.300) 0.42% - 0.208(0.134,0.300) 0.43%
Hu $X China | ® 0.041(0.029, 0.056) 0.43% [] 0.041(0.029, 0.056) 0.43%
Huang DD China | —@— 0.067 (0.025, 0.141) 0.42% - 0.067 (0.025, 0.141) 0.42%
Huerta Saenz IH Peru ——— 0,683 (0,519, 0.819) 0.42% - 0,683 (0,515, 0.819) 0.42%
Ing AJ Cruise ship e 0,813 (0.734,0.876) 0.43% L] 0,813 (0.734, 0876) 0.43%
Ipekci A Tutkey | —@—— 0.078(0.022,0.189) 0.42% - 0.078(0.022, 0.189) 0.42%
Jeong SJ South Korea —e— 0.282(0.225,0.344) 0.43% ] 0.282(0.225, 0.344) 0.43%
Jnas India —_—— 0.500 (0.272,0.728) 0.41% = 0.500(0.272, 0.728) 0.41%
JieH China | —@—— 0,067 (0.014,0.183) 0.42% = 0.067 (0.014, 0.183) 0.42%
at China @ 0.001 (0.001,0.001) 0.43% [ ] 0.001 (0,001, 0.001) 0.43%
Jia CY China  @— 0.017 (0.000, 0.089) 0.42% a 0,017 (0.000, 0.089) 0.42%
Jiang CH China o 0.121(0.081,0.173) 0.43% = 0.121(0.081,0.473) 0.43%
Jiang R China  +-@——— 0.040 (0.001,0.204) 0.41% = 0.040 (0,001, 0.204) 0.41%
Jibrin YB Nigeria —— 0.583 (0.471,0690) 0.42% - 0.583 (0.471,0690) 0.42%
Jin MH China  —@—— 0.100(0.003, 0.445) 0.39% - 0.100(0.003, 0.445) 0.39%
Judson TJ us o 0,279 (0.253,0.308) 0.43% - 0.279(0.253,0.308) 0.43%
dung CY South Korea . 0,620 (0611,0630) 0.43% L] 0620 (0611, 0.630) 0.43%
— T —r T — ™
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 08 1

Figure 2  (Continueaq)
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Author Country Proportion (95% CI) Weight Proportion (35% CI) Weight
Kang M China  —@—— 0,054 (0.007,0.182) 042% = 0,054 (0.007, 0.182) 042%
Kasper MR us o 0430 (0.403, 0.457) 0.43% - 0,430 (0.403, 0.457) 0.43%
Kenu € Ghana . 0,802 (0.796, 0.808) 0.43% [ ] 0,802 (0.796, 0.808) 0.43%
Kil South Korea —@———— 0.107 (0.023,0.262) 041% - 0.107 (0.023, 0.282) 041%
Kim Gu Korea —— 0.192(0.142,0252) 043% = 0,192 (0.142, 0.252) 0.43%
Kim SE Korea —— 0.183 (0101, 0.293) 042% - 0.141 (0,070, 0.244) 0.42%
Kirenga B Uganda - *— 0.571(0432,0.703) 042% - 0.571 (0432, 0.703) 0.42%
Kong WF China o 0.196 (0.162,0.233) 043% - 0.196 (0.162, 0.233) 0.43%
Krajcar N Croatia —e— 0413 (0.349, 0.480) 043% - 0.413 (0349, 0.480) 0.43%
Kumar R India —e— 0.468 (0402, 0.534) 0.43% - 0.468 (0402, 0.534) 0.43%
Ladhani SN [US —— 0,638 (0539, 0.730) 0.43% - 0.438(0.341, 0.538) 0.43%
Laixa China @~ 0,027 (0.006, 0.078) 043% - 0,027 (0.006, 0.078) 0.43%
LeTQM Vietnam —@—————— 0,083 (0.002, 0.385) 0.39% - 0.083 (0.002, 0.385) 0.39%
Lee YH South Korea 18 10881(0.854,0.906) 0.43% - 0.587 (0.548, 0.626) 0.43%
Leimy China e 0.171(0.114,0.242) 043% - 0.171(0.114,0.242) 0.43%
Lewis M Mexico ——— 0.219(0.125,0.340) 042% L] 0.219 (0125, 0.340) 0.42%
Licy Ching —— ——————————— 0.143(0.004, 0.579) 037% = 0.143 (0.004, 0.579) 0.37%
Ly Singapore L a— 0,385 (0.234, 0.554) 042% L] 0.385 (0.234, 0.554) 0.42%
Lw China @ 0.800(0.284,0.995) 0.36% = 0.800 (0.284, 0.995) 0.35%
Ly China  /@— 0,020 (0.000, 0.104) 0.42% = 0,020 (0.000, 0.104) 0.42%
1% China e 0.165 (0105, 0.242) 043% [ 0.165 (0.105, 0.242) 0.43%
e China —e— 0.294 (0238, 0.354) 043% - 0.294 (0238, 0.354) 0.43%
Liao XN China | —@—— 0.119 (0,040, 0.256) 0.42% - 0.119 (0,040, 0.256) 0.42%
Lins China 1@~ 0,037 (0.014,0079) 043% - 0,037 (0.014, 0.079) 0.43%
Lin XM China | ——@—— 0,174 (0.050, 0.388) 041% 1] 0.174 (0,050, 0.388) 0.41%
LinzF China | r@— 0,073(0.042,0118) 043% [ 0.073(0.042,0.118) 0.43%
LuB China | ————@——————— 0.222(0.028, 0.600) 0.38% = 0.222 (0028, 0.600) 0.38%
LiuBM China ——— 0529 (0404, 0.652) 042% - 0,529 (0.404, 0.652) 0.42%
LiuBY China —— 0,473 (0367, 0.580) 042% - 0.473 (0367, 0.580) 0.42%
LiuDH China | ——@————— 0.133(0.017,0.405) 040% L] 0.133 (0,017, 0.405) 0.40%
LuF China  —@————————— 0.100(0.003, 0.445) 0.39% - 0.100 (0.003, 0.445) 0.39%
LiuF China —_———— 0.438 (0198, 0.701) 0.40% - 0.438 (0198, 0.701) 0.40%
Liu 6T China [ 0,143 (0.071,0.247) 042% [ 0.143 (0071, 0.247) 0.42%
Liuma China @ 0,600(0.147,0947) 036% - 0,600 (0.147, 0.947) 0.35%
Liux China ———————————————— 0.200 (0.005, 0.716) 0.36% - 0.200 (0.005, 0.716) 0.35%
Liu XX China —— 0.229(0.152,0321) 043% - 0.229(0.152,0.321) 0.43%
Liu XX China @ | 0571(0.184,0901) 0.37% - 0571 (0.184,0.901) 0.37%
Liu YL China  +—@———— 0,077 (0.002, 0.360) 0.40% - 0.077(0.002, 0.360) 0.40%
Liu X China  —@—— + 0,083 (0.002, 0.385) 0.39% - 0.083 (0.002, 0.385) 0.39%
LuzR China | ——@—————— 0.133(0.017,0.405) 040% - 0.133 (0.017, 0.405) 0.40%
Livingston G Uk —e— 0.122(0.071,0.191) 043% - 0.122 (0071, 0.191) 0.43%
Loconsole D ttaly . 0,627 (0548, 0.700) 043% = 0,627 (0548, 0.700) 043%
Lombardi A taly e 0.122(0.073,0.189) 043% - 0.122 (0073, 0.189) 0.43%
London v us —— 0,324 (0.215,0.448) 042% - 0.324 (0215, 0.448) 0.42%
LuRF China @ . 0,036 (0.001,0.183) 041% - 0,036 (0.001, 0.183) 041%
Luxx China e 0.158(0.107,0.221) 043% ] 0.158(0.107, 0.221) 043%
Ly China —@——————— 0.111(0.003, 0.482) 0.38% - 0.111(0.003, 0.482) 0.38%
Luo SH China | —@— 0,096 (0.043, 0.181) 042% = 0,012 (0.000, 0.065) 0.42%
Ma MM China @+ 0,039 (0.021,0064) 043% - 0,039 (0.021, 0.064) 0.43%
MaY China ———— 0234 (0.123,0.380) 042% . 0.234 (0123, 0.380) 0.42%
Ma YL China —e— 0,530 (0435, 0.624) 043% = 0.530 (0435, 0.624) 043%
Macintyre CR  Japan @ 0625(0.245,0915) 0.38% L 0625 (0.245,0915) 0.38%
Maechler F Germany @+ 0,042 (0.023,0.070) 043% @ 0,036 (0.019, 0.062) 0.43%
Martin C Belgium —— 0.756 (0597, 0.676) 042% - 0.756 (0597, 0.676) 0.42%
Maru § us ———— 0717 (0,565, 0.840) 042% = 0.717 (0565, 0.840) 0.42%
Mattar us ———— 0514 (0.340, 0.686) 042% =] 0,514 (0.340, 0.686) 0.42%
Mcichael TM us e 0,042 (0.017,0.084) 043% = 0,042 (0017, 0.084) 0.43%
Mei X China @+ 0,079 (0.057.0.106) 043% - 0,063 (0.043, 0.088) 043%
Meyers KJ us —@— 0890 (0.807,0.946) 0.42% '] 0,637 (0530, 0.736) 0.42%
Miyamae Y Japan e 0,652 (0.427,0.836) 041% = 0,652 (0427, 0.836) 0.41%
Moon SS South Korea o 0.230 (0187, 0.276) 043% - 0.230 (0.187,0.278) 0.43%
Moriarty LF Japan o 0465 (0428, 0.502) 043% - 0,465 (0.428, 0.502) 0.43%
Nagler AR us . 0.281(0.261,0.302) 043% L] 0.281(0.261,0.302) 0.43%
Niu YL China |+ - + 0.231(0.050, 0.536) 0.40% = 0.231(0.050, 0.538) 0.40%
Oduro-Mensah € Ghana e 0,516 (0.456, 0.577) 043% - 0,516 (0.456, 0.577) 0.43%
oM China @ 0,010 (0.002, 0.029) 043% - 0,010 (0.002, 0.029) 0.43%
Pan Xa China | —@— 0,004 (0.035,0.193) 042% - 0,004 (0.035, 0.193) 0.42%
Pari N taly e 0.171(0.117,0.236) 043% L] 0.171(0.117,0.236) 0.43%
Patel MC us . 0.371(0.215,0551) 042% - 0.371(0.215, 0.551) 0.42%
Pérez-Garcia F Spain o~ 0,390 (0.358, 0.423) 043% - 0.390 (0.358, 0.423) 043%
Petersen | U3 —e— 0765 (0.677,0839) 043% - 0.765 (0677, 0.839) 0.43%
Pongpirul WA Thailand | +@-— 0,067 (0.036, 0.112) 043% ] 0,052 (0.025, 0.093) 0.43%
Pongpirul WA Thailand +—@——————— 0.001(0.002, 0.413) 0.39% - 0.091(0.002, 0.413) 0.39%
QiucF China | r@— 0,048 (0.016,0.109) 043% = 0,048 (0.016,0.109) 0.43%
Reddit v Canada ———— 0.280 (0121, 0.494) 041% (] 0.160 (0.045, 0.361) 0.41%
Rivett L UK ——— 0,508 (0.377,0.639) 042% - 0.115 (0.047, 0.222) 0.42%
Rubbi | tay | —e— 0,07 (0.045,0.176) 042% ] 0,097 (0.045, 0.176) 0.42%
T T T T 1 T T T T T
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Figure 2  (Continueaq)
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Author Country Proportion (95% CI) Weight Proportion (95% CI) Weight
Sarrah SM Jordan e 0457 (0.345,0571) 0.42% - 0.457 (0.346,0.571) 0.42%
Sarangi B India — 0560 (0.432,0718) 0.42% = 0,580 (0.432,0.718) 0.42%
shex Ghina —.— 0.111(0.003,0.482) 0.38% - 0.111(0.003,0.482) 0.38%
Shmakov RG Russia ——— 0227(0.133,0347) 0.42% - 0.227 (0.133,0.347) 0.42%
Singer Js us ———— 0556 (0.308,0.785) 0.40% - 0,656 (0.308, 0.785) 0.40%
SonH South Korea e 0.111(0.059,0.186) 0.43% = 0.111(0.059,0.186) 043%
Song W China E . . 0500 (0.247,0753) 0.40% L] 0,500 (0.247, 0.753) 0.40%
song ¥s China —e——— 0,059 (0.001,0287) 0.40% - 0,059 (0.001,0.267) 0.40%
Spiteri G Beigium, Finland, France, Germany,laly, Russia, Spain, Sweden ~—@——— 0,053 (0.008,0.177) 0.42% - 0,053 (0,006, 0.177) 0.42%
Sun DF China o—— 0033(0001,0472) 041% W 0,033 (0.001,0.172) 0.41%
Sunww China o 0.138(0.105,0.176) 0.43% - 0.138 (0,105, 0.176) 043%
sz China —— 0.190 (0.054,0.419) 0.41% - 0.190 (0.054,0.419) 041%
Tang A Ghina — 0500(0.187,0813) 039% B 0,000 (0,000, 0.308) 0.39%
Tang O us o 0564 (0.528,0.600) 0.43% [ 0.564 (0,528, 0.600) 0.43%
Thiel SL Liechtenstein -— 0021(0003,0074) 042% 0.021(0.003,0.074) 042%
TiansC China —— 0.189 (0,080, 0.352) 0.42% = 0.189 (0.080,0.352) 0.42%
Tian s China . 0,050 0.027,0083) 0.43% = 0,050 (0.027,0,083) 0.43%
Toia VM us e 0.069(0.008,0228) 0.41% - 0.069 (0,008, 0.228) 041%
Tong 2D China e 0.429(0.099,0816) 0.37% = 0.429 (0,099, 0.816) 0.37%
Treioel TA UK . 0.043(0.033,0054) 043% L] 0,043 (0,033, 0.054) 0.43%
TsouT-P China . 0100 (0.049,0.176) 0.42% - 0.100 (0,049, 0.176) 0.43%
WanR China o— 0026(0.003,0000) 042% W 0,026 (0.003,0.090) 0.42%
Wang AH China £ 0033(0007,0004) 042% W 0,033 (0,007, 0,094) 0.42%
Wang JC China R 0,038 (0.005,0.132) 0.42% - 0,038 (0,005, 0.132) 0.42%
Wang ks China —e— 0.333(0.075,0701) 038% - 0.333 (0,075, 0.701) 0.38%
Wang L China @ 0.125(0.016,0383) 0.40% = 0,125 (0.016,0.383) 0.40%
Wang LZ China o @ 0269 (0.116,0478) 0.41% L] 0,269 (0.116,0.478) 0.41%
Wangs China 91,000 (0.949, 1.000) 0.42% 1,000 (0.949, 1.000) 0.42%
Wang T China ~— 0020(0.001,0.106) 0.42% W 0,020 (0.001,0.108) 0.42%
Wang X8 China . 0030(0.020,0042) 043% M 0,014 (0,008, 0.023) 0.43%
Wang XL China . 0028(0017,0045) 043% W 0,028 (0.017,0.045) 0.43%
Wang 2Q China —_———————— 05615 (0.316,0861) 0.40% - 05615 (0:316,0.861) 0.40%
Weya JLL South Sudan . 0.830 (0.809, 0850) 0.43% = 0.830 (0.809, 0.850) 0.43%
Wong HYF China 0.141(0.066,0250) 042% - 0.141 (0,066, 0.250) 0.42%
Wong J Brunel Darussalam . 0.400(0.317,0.488) 043% = 0.304 (0.228,0.389) 043%
Wu Gy China -— 0019(0002,0088) 043% W 0,019 (0,002, 0,068) 0.43%
WuHp China ————— 0130 (0.028,0336) 0.41% = 0,130 (0,028, 0.336) 0.41%
Wu R China . 0,036 (0.004,0.125) 0.42% [ 0,036 (0,004, 0.125) 0.42%
wuxa China —_—— 0652(0.427,0836) 0.41% - 0652 (0.427,0.836) 041%
wuy China o——— 0.043(0.001,0218) 0.41% - 0,043 (0.001,0219) D.41%
WuvL Ghina @ 0.875(0.473,0997) 038% B /0875(0473,0.007) 0.36%
Xiang TX China . 0.061(0.013,0.169) 0.42% - 0.061(0.013,0.169) 0.42%
Xie W China —_——————— 0500 (0.118,0882) 037% - 0.167 (0,004, 0.641) 0.36%
Xie Y8 China e 0.128(0.043,0274) 0.42% = 0.128 (0,043, 0.274) 0.42%
XuHM China e 0188 (0.072,0364) 042" L] 0,188 (0.072,0.364) 0.42%
xus China ———— 0.147 (0.050,0311) 0.42% - 0.147 (0.050,0.311) 042%
XuTM China ——— 0.118(0.044,0239) 042% - 0,118 (0.044,0239) 0.42%
Yan xQ China e 0.110(0.072,0.159) 043% = 0,10 (0.072,0.159) 0.43%
Yang K China . 0228(0.127,0358) 0.42% - 0.228(0.127,0.358) 042%
Yang NB China ————— 0.167 (0.021,0484) 039% = 0.167 (0.021,0.484) 0.39%
Yang RR China —l— 0.423(0:312,0540) 0.42% = 0423 (0:312,0,540) 0.42%
Yang W Ghina —.— - 0.091(0.002,0.413) 0.39% - 0.091(0.002,0.413) 0.39%
Yang YL China ——— 0.125(0.003,0527) 038% - 0.125 (0,003, 0.527) 0.38%
Yang YX China -— 0011(0000,0062) 042% W 0.011(0.000,0.062) 0.42%
Yao 0D China - 0022(0001,0118) 0.42% W 0,022 (0.001,0.118) 0.42%
Yao xv. China ——.————— 0.143(0.004,0579) 037% W 0,000 (0.000,0.410) 0.37%
Yayla BOC Turkey —e— 0250(0.194,0313) 043% = 0.250 (0,194, 0.313) 043%
Yo xx China ——— 0.143(0.018,0.428) 0.40% = 0.143 (0,018, 0.428) 0.40%
Yoy China . 0,089 (0.074,0.106) 0.43% - 0,089 (0.074,0.106) 0.43%
YuFT China ~— 0026(0.003,0091) 042% W 0,026 (0.003,0.091) 0.42%
Yuax China o— 0023(0.003,0081) 042% W 0.023(0.003,0.081) 042%
Yux China - 0028(0.008,0079) 043% W 0,028 (0,006, 0.079) 0.43%
YuanL China ———— 0536 (0.339,0725) 0.41% - 0,536 (0:339, 0.725) 041%
ue HIY China e 0.474(0.101,0271) 042% - 0,174 (0.101,0271) 0.42%
Zengy China . 0.004(0.000,0024) 043% W 0,004 (0,000, 0.024) 0.43%
Zeng Wz China ——— 0.1360.052,0274) 0.42% - 0.136 (0,052, 0.274) 0.42%
ZnanH China —— 0.167(0.004,0641) 037% - 0.167 (0.004, 0.641) 0.36%
Zhan T China - 0030(0015,0051) 043% W 0,030 (0,015, 0.051) 0.43%
Znang 4y China - . - . 0200(0.005,0.716) 036% - 0.200 (0,005, 0.716) 0.35%
Znang kY. China —_——————————— 0273(0.060,0610) 0.39% - 0.273 (0,060, 0,610) 0.39%
Znang L China e 0242(0.111,0423) 042% = 0.242(0.111,0423) 042%
Znang R China —— 0.134(0.063,0240) 042% - 0.134 (0,063, 0.240) 0.42%
Znang ¥ China . . 0220 (0.106,0376) 0.42% - 0.220 (0,106, 0.376) 0.42%
Znang YC China — 0238 (0.082,0472) 041% = 0.238 (0.082,0.472) 041%
Znang YO China e 0389 (0.173,0643) 0.40% - 0,056 (0.001,0.273) 0.40%
ZnaoL. China - - . 0300 0.147,0.494) 0.41% L] 0.300 (0,147, 0.494) 0.41%
Znong ZM China e 02380.180,0.305) 0.43% - 0.238 (0,180, 0.305) 043%
ZnouH China —— 0.154(0.019,0.454) 0.40% = 0.154 (0,019, 0.454) 0.40%
Zhou st China . 0,067 (0.033,0.120) 043% - 0,067 (0,033, 0.120) 0.43%
Zhour Ghina ————— 0290 (0.142,0.480) 0.41% - 0.290 (0.142,0.480) 0.41%
ZhugF China o 0.133(0.107,0.162) 0.43% - 0.133 (0,107, 0.162) 043%
ZuMR China —e— 0182 0.103,0286) 0.42% = 0.182 (0,103, 0.266) 0.42%
zusa China - 0026(0.013,0047) 043% W 0,000 (0.000,0,009) 0.43%
Overall - 0.236 (0.185, 0.291) 100.00% - 0.217 (0.168, 0.270) 100.00%
— T — T —T T —T—
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Figure 2 Meta-analysis of the asymptomatic ratio among ascertained COVID-19 infections (including and excluding
presymptomatic infections).
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(figure 2), including 31 411 asymptomatic infections at
the time of diagnosis. The rate of asymptomatic infections
varied from 0.1% in general adults in Wuhan, China,21 to
95.6% in pregnant women in Peru.”” The overall rate of
asymptomatic infections was estimated at 23.6% (18.5%—
29.1%). The I equalled 99.7%, indicating high hetero-
geneity among the studies. Of the 31 411 asymptomatic
infections, 448 (1.4%) developed symptoms after admis-
sion. After excluding these presymptomatic observations,
the pooled rate was 21.7% (16.8%-27.0%) with an P of
99.7%.

In a subgroup analysis, we found that pregnant women
(48.8%, 28.9%-68.9%; F=96.9%) had a significantly
higher rate of asymptomatic infections than children
(32.1%, 24.2%-40.5%; F’=94.4%), whereas the general
non-pregnant adults had the lowest asymptomatic rate
(20.4%, 15.0%-26.3%; '=99.8%). Regarding age-specific
proportion, patient groups with a mean/median age of
<18 years (31.1%, 23.5%-39.2%; F=94.4%) had a signifi-
cantly higher prevalence of asymptomatic cases than
those with a mean/median age of 19-45 years (26.7%,
19.1%-34.9%; I’=99.7%) or >45 years (15.3%, 10.7%—
20.6%; =97.1%).

The rate of asymptomatic infections was 36.0%
(24.6%-48.1%; IP=99.8%) among studies with screening
setting, which was almost twice that among studies with
non-screening setting (19.4%, 14.3%-24.9%; =99.6%).
Significantly different asymptomatic rates were observed
in different geographical regions (p<0.001)—the rate
was highest in Africa (64.3%, 56.7%-71.6%; P=96.8%),
followed by America (40.0%, 27.4%-53.3%; =99.6%)
and Europe (28.1%, 19.0%-38.1%; P=98.5%). Asia was
estimated to have the lowest rate of asymptomatic infec-
tions (18.1%, 13.2%-28.5%; ’=99.5%). In the subgroup
analysis by time period, we noted that studies conducted
before 1 March 2020 reported a pooled asymptomatic
infection rate of 13.3% (9.8%—17.1%; F=94.2%), while the
rate increased sharply to 42.5% (83.4%-51.9%; =99.6%)
among studies conducted on or after 1 March 2020.

The results of all subgroup analyses were shown in
figure 3.

We performed both univariate and multivariate meta-
regression analyses to investigate study-level factors that
may have contributed to the heterogeneity among studies
and might have influenced our estimations of the rate of
asymptomatic infections. The results of univariate regres-
sion analysis (table 1) demonstrated several significant
sources of heterogeneity in the estimated rate of asymp-
tomatic infections—studies focused on subjects aged >45
years old (p=0.015) and conducted out of Africa (p<0.001)
were significantly associated with a lower ratio of asymp-
tomatic infections, whereas those using a screening study
design (p<0.001) and conducted on or after 1 March
2020 (p<0.001) tended to report a higher ratio of asymp-
tomatic infections. A screening study design (p=0.031),
geographical region (p<0.001) and time trend (p<0.001)
remained as significant sources of heterogeneity in the
multivariate regression analysis.

No. of studies Heterogeneity Proportion (95% CI)

Patient Group
Children 30

—— 94.4% 0.321(0.242,0.405)

Pregnant 17 —— 96.9% 0.488 (0.289,0.689)
Adults 194 —— 99.8% 0.204 (0.150,0.263)
Age Group

<=18y 30 —— 94.4% 0.311(0.235,0.392)
19-45y 102 —— 99.7% 0.267 (0.191,0.349)
>45y 68 —— 97.1%  0.153 (0.107,0.206)
Screening Study

Non-screening studies 176 —— 99.6% 0.194 (0.143,0.249)
Screening studies 65 — 99.8% 0.360 (0.246,0.481)
Region

Africa 12 ——— 96.8% 0.643 (0.567,0.716)
America 25 —— 99.6% 0.400 (0.274,0.533)
Asia 175 —o— 99.5% 0.181(0.132,0.235)
Europe 28 —— 98.5% 0.281 (0.190,0.381)

Time Trend
Before 01 March 2020 95 -~ 94.2% 0.133 (0.098, 0.171)

01 March 2020 afterwards 68 —— 99.6% 0.425 (0.334, 0.519)

T T T T T T T T 1
0 01 02 03 04 05 06 07 08

Figure 3 Asymptomatic ratio among ascertained COVID-19
infections by patient group, age group, screening study,
region and time trend.

We found no evidence of publication bias among studies
by Egger’s test with p=0.414. Sensitivity analysis showed
that it was unlikely that any individual study significantly
influenced the pooled estimates, demonstrating the
robustness and reliability of our estimates (online supple-
mental table 4).

DISCUSSION

Our meta-analysis of 130 123 infections in 241 studies
performed in 36 countries provides an up-to-date as
well as a comprehensive overview of the asymptomatic
infection rate of COVID-19. The estimated rate in our
study were 23.6% and 21.7% before and after excluding
presymptomatic cases, respectively. There were three key
findings in the subgroup analysis.23 First, African studies
reported the highest asymptomatic infection rate, while
Asian studies reported the lowest. Second, the proportion
of asymptomatic carriers was nearly doubled in screening
studies than in non-screening studies. Third, asymptom-
atic infection rate was more than two times higher in
studies conducted on or after 1 March 2020 than those
conducted beforehand.
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Table 1 Results of univariate and multivariate meta-regression analyses
Univariate regression analysis Multivariate regression analysis
Adjusted meta-
Variable Studies, n (%) Crude meta-RR 95% CI P value RR 95% CI P value
Patient group
Children 30 (12.45) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Pregnant 17 (7.05) 1.16 0.99 to 1.37 0.074 1.02 0.75to0 1.10 0.901
Adults 194 (80.50) 0.91 0.82 to 1.00 0.057 0.83 0.63 to 1.11 0.209
Age (years)
<18 30 (12.45) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
19-45 102 (42.32) 0.98 0.88 to 1.09 0.682 1.12 0.84t0 1.48 0.446
>45 68 (27.39) 0.87 0.77 to 0.97 0.015 1.09 0.82 to 1.45 0.539
NM 43 (17.84) 0.93 0.83 to 1.05 0.252 1.13 0.85t0 1.49 0.393
Screening
Non-screening 176 (73.03) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
studies
Screening 65 (26.97) 1.16 1.08 to 1.25 <0.001 1.08 1.01t01.17 0.031
studies
Region
Africa 12 (5.00) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
America 25 (10.42) 0.78 0.67 to 0.90 0.001 0.71 0.62 to 0.82 <0.001
Asia 175 (72.92) 0.64 0.56 to 0.72 <0.001 0.78 0.68 to 0.89 <0.001
Europe 28 (11.67) 0.71 0.62 to 0.82 <0.001 0.69 0.60 to 0.78 <0.001
Time trend
Before March 95 (39.42) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
2020
March 2020 68 (28.22) 1.33 1.24t0 1.43 <0.001 1.29 1.17 t0 1.43 <0.001
afterwards
NM 78 (32.37) 1.07 1.00to 1.14 0.092 1.05 0.98 to 1.12 0.158

NM, not mentioned; RR, risk ratio.

Our estimation is higher than some existing meta-
analyses, which reported a ratio between 15.6% and
20%.%* * One possible explanation is that the included
studies in previous meta-analyses were dominated by that
conducted during the early course of the pandemic and
in China or the USA, where the asymptomatic ratio was
lower than other regions. However, our study included
more than 200 articles, resulting in a more precise esti-
mation with significantly narrower CI. With a much larger
data set, we conducted more subgroup analyses, which
resulted in more implications.

In the subgroup analysis, we noted a large variety of
asymptomatic rates among different populations. For
instance, children and adults aged <45 years old tended
to have a significantly higher rate. The inverse correlation
between age and symptom severity has also been reported
and discussed by a few studies, and the higher prevalence
of chronic diseases among elderies was considered as risk
factors for symptomatic infection.”?**” Infection control
measures may be targeted on early detection and isolation
of asymptomatic youth, as young asymptomatic carriers
are more likely to bring in community transmission due

to their more socially active lifestyle habits, with more
frequent travelling, compared with people in other age
groups.”

We also noted that the rate of asymptomatic infec-
tions in pregnant women (48.8%) was more than two
times than in general adults (20.4%). A previous study
suggested cytotoxic cells may be poised to control virus
load and hence affect disease severity during pregnancy.*
Case reports from a New York hospital reported a similarly
high rate (14 women, 32.6%) at presentation, yet 71.4%
(10 women) of the asymptomatic mothers developed
symptoms during their hospitalisation and postpartum
course.” Nevertheless, we noted that 15 out of the 17
included studies on pregnant women were cross-sectional
studies, where the high proportion of asymptomatic
infections may include both presymptomatic and asymp-
tomatic cases. More follow-up studies among pregnant
women are needed before drawing further conclusions.
Undetected asymptomatic pregnant women may lead to
more severe consequences. Without early detection and
proper preventive measures, the delivery of asymptomatic
patients brings extra risks to nosocomial infection and

8

Chen X, et al. BMJ Open 2021;11:€049752. doi:10.1136/bmjopen-2021-049752



may also result in droplet transmission among women,
kids and other family members.*

To our knowledge, this is the first meta-analysis to
compare the rate of asymptomatic infections in different
continents. A previous meta-analysis only concluded
that populations in Asia may have a lower asymptom-
atic ratio, while not exploring differences among other
continents.” Our results also showed that the esti-
mated ratio in Asia was the lowest among all continents.
Possible explanations were summarised in a published
meta-analysis, from the perspectives of infection control
policies and host characteristics.”” Meanwhile, the
rate in Africa (64.3%) was the highest among all conti-
nents, although the limited number of subjects (20 271
COVID-19 infections) in African studies reminded us to
think twice before generalising the results. The phenom-
enon may be partly explained by a few factors in African
patients, including the generally younger age, the lower
proportion of patients and elderlies with chronic diseases
living in nursing homes, and the higher serum vitamin
D levels due to rich sun exposure.”’ Despite the higher
asymptomatic ratio, it is noted that Africa was the conti-
nent with the lowest reverse transcription polymerase
chain reaction (RT-PCR) testing rate as well as the lowest
vaccination rate. The high rate of asymptomatic infec-
tions may further hinder the timely detection and control
of COVID-19 outbreaks.

We noted that the rate of asymptomatic infections was
nearly doubled in screening studies (36.0%) than in non-
screening studies (19.4%). One possible explanation is
that people may get tested for varied reasons associated
with social, cultural and political factors in each region.
For instance, frontline health workers and people with
a history of exposure were in general more likely to be
reported in screening programmes, hence more likely
to be detected during the early stage of their infection.
Comparatively, the samples in non-screening studies
were likely to be dominated by subjects having severe
symptoms requiring hospitalisation.”® If we consider the
rate as a constant, the higher asymptomatic infection
rate estimates were likely due to higher probabilities of
ascertaining asymptomatic COVID-19 infections in the
community with screening implemented. This implies
the importance of mass screening in detecting infec-
tions, which is important in community infection control.
Increasing the accessibility and affordability of commu-
nity testing could be an important surveillance strategy
for early containment of diagnosed cases.”

We also found that the pooled asymptomatic infec-
tion rate increased from 13.3% (95% CI 9.8% to 17.1%)
in studies conducted before 1 March 2020 to 42.5%
(33.4% to 51.9%) in studies conducted on 1 March
2020 or afterwards, although the 95% CI is larger in the
latter time period. This timeline was highly consistent
with a previous study using publicly released data from
the Centre for Health Protection in Hong Kong.** The
increased rate may be due to overlooking the asymp-
tomatic cases, especially presymptomatic cases, during

the early stage of the pandemic, when medical resources
were targeted to patients with severe symptoms. Later,
with increased public awareness and test accessibility,
more COVID-19-infected individuals without symptoms
were detected, while more and more studies reported the
proportion of asymptomatic patients. Importantly, the
SARS-CoV-2 variant with D was replaced by G at the 614th
codon in the spike protein, which has dominated the
pandemic since late February 2020, and were suggested
to raise the asymptomatic cases.’ ™ *® Future studies may
explore whether the proportion of COVID-19 infections
with mild or no symptoms is increasing, especially when
considering different SARS-CoV-2 variants.

This study has limitations. First, our pooled asymptomatic
infection rates were found to have a high level of heteroge-
neity (=99.7%). This could be attributed to the difficuldes
in generating the exact number of infections and asymp-
tomatic cases during an outbreak. Although we conducted
subgroup analysis and meta-regression to figure out the
source of heterogeneity, some unobserved factors which have
notbeen included in the original studies may lead to the high
heterogeneity, such as changing pandemic control measures
in some countries, the diverse definition of asymptomatic
infection, varying practices in surveillance and ascertainment
of asymptomatic infection, as well as meteorological dispar-
ities across time and regions. Nevertheless, previous studies
indicated that any amount of heterogeneity is acceptable if
both accurate data and predefined eligibility criteria were
provided.”” * Second, we followed the WHO definition of
COVID-19 infection and only included infections detected
by RT-PCR, while the availability of RT-PCR is restricted in
many countries.” An increasing number of studies have
reported the results of antibody-based rapid diagnostic tests,
yet they were not included in our meta-analysis. Third, our
meta-analysis focused on real-world evidence and observa-
tional studies, where subjects with more severe and easily
recognised symptoms were more likely to be selected. The
collider bias caused by non-representative sampling strate-
gies (such as sampling conditional on testing and prognosis
conditional on hospitalisation) in existing observational
studies on COVID-19 has been deeply discussed in Griffith e
al® Fourth, the cross-sectional studies included in this review
might have misclassified presymptomatic cases as ‘asymptom-
atic’ and hence resulted in a certain degree of overestimation
of the rate of asymptomatic infections. With additional infor-
mation on the exposure and reporting dates of each case, we
remark our estimation can be extended to a right censoring
version to further address some potential bias in existing
frameworks.'*

CONCLUSIONS

We estimated the rate of asymptomatic infections at
23.6%, which decreased to 21.7% after excluding
presymptomatic cases. Subgroup analysis indicated that
pregnant women, children, African residents, screening
programmes and studies conducted after 1 March 2020
had higher rates of asymptomatic infections. Our findings
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provide further insights on the distribution of asymptom-
atic COVID-19 infections in different groups of individ-
uals, bearing significance on public health policies that
aim to achieve early identification and more stringent
containment of the pandemic.
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