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Abstract

We aim to systematically review the characteristics of asymptomatic infection in

the coronavirus disease 2019 (COVID‐19). PubMed and EMBASE were electro-

nically searched to identify original studies containing the rate of asymptomatic

infection in COVID‐19 patients before 20 May 2020. Then mate‐analysis was

conducted using R version 3.6.2. A total of 50 155 patients from 41 studies with

confirmed COVID‐19 were included. The pooled percentage of asymptomatic in-

fection is 15.6% (95% CI, 10.1%‐23.0%). Ten included studies contain the number

of presymptomatic patients, who were asymptomatic at screening point and de-

veloped symptoms during follow‐up. The pooled percentage of presymptomatic

infection among 180 initially asymptomatic patients is 48.9% (95% CI, 31.6%‐
66.2%). The pooled proportion of asymptomatic infection among 1152 COVID‐19
children from 11 studies is 27.7% (95% CI, 16.4%‐42.7%), which is much higher

than patients from all aged groups. Abnormal CT features are common in

asymptomatic COVID‐19 infection. For 36 patients from 4 studies that CT results

were available, 15 (41.7%) patients had bilateral involvement and 14 (38.9%) had

unilateral involvement in CT results. Reduced white blood cell count, increased

lactate dehydrogenase, and increased C‐reactive protein were also recorded.

About 15.6% of confirmed COVID‐19 patients are asymptomatic. Nearly half of

the patients with no symptoms at detection time will develop symptoms later.

Children are likely to have a higher proportion of asymptomatic infection than

adults. Asymptomatic COVID‐19 patients could have abnormal laboratory and

radiational manifestations, which can be used as screening strategies to identify

asymptomatic infection.
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1 | BACKGROUND

The current COVID‐19 pneumonia pandemic, caused by a novel

coronavirus SARS‐CoV‐2 that belongs to the beta‐coronavirus lineage

B, is spreading globally at an accelerated rate. First reported in a seafood

market in Wuhan province China in December 2019,1 this disease is

now affecting more than 156 countries around the world. As of 5 June

2020, a total number of 4 248389 laboratory‐confirmed cases have

been documented globally, leading to 294 046 deaths,2 which is far more

than two previously identified coronaviruses SARS‐CoV (2003) and

MERS‐CoV (2012) that cause Severe Acute Respiratory Syndrome and

Middle East Respiratory Syndrome (MERS) did.
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Clinical manifestation of COVID‐19 is protean. Significant clinical

presentations of COVID‐19 include fever, respiratory and gastro-

intestinal symptoms, pneumonia,3 and other symptoms such as

myasthenia, ageusia, and anosmia.4 However, patients infected with

SARS‐CoV‐2 could also be asymptomatic, confirmed by positive

Nucleic acid testing results during the illness. As a potential source of

COVID‐19 infection, asymptomatic patients with subclinical mani-

festation could be missed by detection strategies and put a threat to

infection control via person‐to‐person contact. Asymptomatic cases

inevitably distorting the COVID‐19 epidemiologic reality. While a

variety of studies on asymptomatic infection have been reported, the

proportion of asymptomatic patients in confirmed COVID‐19 cases is

not well characterized. We conducted this meta‐analysis to better

understand the asymptomatic infection of COVID‐19.

2 | MATERIALS AND METHOD

2.1 | Studies selection

Two databases including PubMed and Embase were searched before

20 May 2020 following the PRISMA guideline. We included the fol-

lowing items:

#1: “COVID‐19” OR “2019 novel coronavirus disease” OR

“COVID19” OR”COVID‐19 pandemic” OR “SARS‐CoV‐2 infection”

OR “COVID‐19 virus disease” OR “coron121avirus disease‐19” OR

“2019 novel coronavirus infection” OR “2019‐nCoV infection” OR

“coronavirus disease 2019” OR “2019‐nCoV disease” OR”COVID‐19
virus disease”

#2: “Asymptomatic”

#3: #1 AND #2

We included articles reporting a specific number of asympto-

matic infection cases in confirmed COVID‐19 patients. Information

describing the epidemiological and clinical features of COVID‐19
asymptomatic infection were extracted from studies to obtain epi-

demiological and clinical features of asymptomatic infection.

2.2 | Selection criteria

Records were identified through database searching. Confirmed

COVID‐19 was defined as one that had a throat‐swab or other

specimen tested positive for SARS‐CoV2 using real‐time RT‐PCR
assay. Asymptomatic infection was defined as patients who devel-

oped no symptoms such as fever, cough, or diarrhea during illness. A

presymptomatic case was defined as a patient who has no symptoms

at diagnosis time but developed symptoms during follow‐up. Patients
with no symptoms at screening point were defined as the number of

asymptomatic patients plus the number of presymptomatic patients.

Two authors (He and Guo) extracted data independently. Disagree-

ments were resolved by discussion until consensus was reached or by

consulting a third author. Including criteria included: (a) Study ob-

jectives: Patients confirmed infected with SARS‐CoV‐2 (including

adult, pediatric patients, and pregnant women). (b) Study types:

prospective/retrospective cross‐section cohort studies. There was

no language restriction. Original articles reporting asymptomatic

infection in confirmed COVID‐19 patients were included for

meta‐analysis.
The methodological quality of the studies included in meta‐

analysis was assessed using an 11‐item checklist which was re-

commended by Agency for Healthcare Research and Quality (AHRQ).

If an item was answered “NO” or “UNCLEAR” it would be scored “0”

and if it was answered “YES,” then the item scored “1.” Article quality

was assessed as follows: low quality = 0 to 3; moderate quality = 4 to

7; high quality = 8 to 11.

2.3 | Data extraction

After removing the duplicates, the abstract review was conducted

through titles and abstracts. The following data were extracted: au-

thor, date of publication, site of study, study group, total number of

people included in the study, age, sex, the number of asymptomatic

infections, and the number of presymptomatic infection in patients if

available. For detail information of asymptomatic patients, informa-

tion containing age, sex, conversion time of illness (the time between

the first day with a positive reverse transcription‐polymerase chain

reaction [RT‐PCR] result and the day of a second negative RT‐PCR
result), laboratory analysis results and CT examination results were

extracted if available.

2.4 | Data analysis

All statistical analysis was performed using R version 3.6.2

(R Foundation for Statistical Computing) statistical software and

Rstudio. Packages “meta,” “metafor,” and “weightr” were used. The

proportion of asymptomatic infection was transformed using the

logit transformation to make it conform to the normal distribution.

A random effects model was applied to calculate the effect size

and its 95% confidence interval (95% CI) by the method of mo-

ments (the Dorsmanin and Laird method) and as presented by

Forest plot. The tau2 and I2 statistic was used to estimate the

proportion of the observed heterogeneity. Studies containing

the number of presymptomatic patients were extracted to analyze

the proportion of presymptomatic infection in patients with no

symptoms at screening point. Untransformed proportions and a

random effects model by the method of moments (the Dorsmanin

and Laird method) were applied to calculate the effect size and its

95% confidence interval (95% CI) and as presented by Forest plot.

Leave‐one‐out diagnostics and regression diagnostics were used to

identify influential studies that pronouncedly contribute to het-

erogeneity in meta‐analytic data. Meta‐analysis via linear was

conducted to find the factor attributing to the overall hetero-

geneity, which was described in the article published by Wang.5

Subgroup summary proportion analysis were conducted to explain
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the factor contributing to heterogeneity. Then subgroups forest

plot was created by different study group: all, children, pregnant

women or elderly people, and different place: China or outside of

China. Publication bias was detected with funnel plot and Egger's

regression test.

3 | RESULTS

3.1 | Study characteristic of meta‐analysis

Study process is depicted in Figure S1. Of the 470 studies identified,

40 studies6‐45 and 1 additional study46 including 50155 patients

were included in the meta‐analysis. Place where the study was con-

ducted, age, sex, and reported proportion of asymptomatic infection,

number of presymptomatic infection, and quality scores were ab-

stracted (Table S1). There were 25 (59.5%) studies from China and

16 from other countries (South Korea: 4, United States of America: 3,

Europe region: 3, UK: 2, Brunei: 1, Iraqi Kurdistan: 1, Thailand: 1, and

Japan: 1). All studies were of high (27) or moderate (14) quality.

There were no articles with low quality rating.

3.2 | Results of meta‐analysis

3.2.1 | Pooled proportion of asymptomatic infection

A total of 50 155 patients with confirmed COVID‐19 were included.

The pooled percentage of all asymptomatic infection is 15.6% (95%

CI, 10.1%‐23.0%) with significant heterogeneity noted among studies

(P < .01; Q, 1653.8; tau2, 2.34; I2, 97.6%) (Figure 1).

3.2.2 | Proportion of presymptomatic infection

There was a total of 10 studies containing the number of patients

who were identified as silent COVID‐19 patients but developed

symptoms during follow‐up. A total of 180 initial no‐symptoms

COVID‐19 patients were included. The pooled percentage of pre-

symptomatic infection among patients with no symptoms at screen-

ing point is 48.9% (95% CI, 31.6‐66.2%) with heterogeneity noted

among studies (P < .01; I2, 85%) (Figure 2).

3.2.3 | Subgroup meta‐analysis

Study group

There were 24 studies of 48 868 people in study cohorts from all

age groups, 11 studies of 1152 children, 3 studies of 75 elderly

people, and 4 studies of 83 pregnant women. The pooled pre-

valence of asymptomatic infection was 9.0% (95% CI, 5.5%‐14.6%),

27.7% (95% CI, 16.4%‐42.7%), 28.3% (95% CI, 0.94%‐94.2%), and

49.9% (95% CI, 14.9%‐84.9%) in studies from all aged group,

children, the elderly, and pregnant women respectively (Figure 3).

There was a significant subgroup difference between the studies

(P = .0041).

Study place

The pooled prevalence of asymptomatic infection was 15.5% (95% CI,

8.8%‐25.7%) and 14.5% (95% CI, 9.8%‐21.1%) in studies from China and

other countries respectively (Figure 4). The P value between these two

groups is .8313 with no significance. There was significant hetero-

geneity among the studies conducted in China (P < .01; I2 = 98.3%) and

fewer heterogeneity studies from other countries (P < .01; I2 = 70.1%).

3.2.4 | Sensitivity analysis and publication bias

Leave‐one‐out diagnostics (Figure S2) and regression diagnostics

(Figure S3) showed that no specific study has a pronounced impact

on the original summary proportion. Meta‐analysis via linear was

conducted to explaining heterogeneity by different independent

variables: study place, study group, quality scores, and the number of

confirmed cases. The P values were .96, .0005, .06, and .0028 dif-

ferently for them. Different study group and sample size may account

for the high heterogeneity among studies. The Funnel plot (Figure 5)

and Egger's regression test indicate that there may be publication

bias (t = 5.65; P < .0001).

3.3 | Clinical features of asymptomatic infection

Fifty‐nine patients from four studies included in the meta‐
analysis9,26‐28 and one additional case series study47 were included. A

summary of the characterizes of asymptomatic COVID‐19 infection

is shown in Table 1. Illness duration ranged from 3 to 34 days. CT

imaging results could be normal and abnormal. For 36 patients from

4 studies, 15 (41.7%) had bilateral involvement and 14 (38.9%) had

unilateral involvement in CT results. Some patients may have ab-

normal laboratory results. Detail information was available from two

studies respectively conducted by Ma et al26 and Xu et al.47 In those

two studies, 27.3% (3/26) of asymptomatic patients had reduced

white blood cell count, 42.3% (11/26) of patients showed increased

lactate dehydrogenase, and 11.5% (3/26) of patients recorded in-

creased C‐reactive protein. Increased creatine kinase‐MB, both de-

creased lymphocyte count and increased lymphocyte count were also

recorded in those two studies.

4 | DISCUSSION

This study conducted a meta‐analysis studying the epidemiological

and clinical characteristics of asymptomatic COVID19 patients.

50155 confirmed COVID‐19 patients from 41 studies were included

and the pooled proportion of asymptomatic infection is 15.6%.

Meanwhile nearly half of the patients who were asymptomatic at
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screening time may develop symptoms during follow‐up. Our results

also show that there is no significant difference in the percentage of

asymptomatic infection between studies conducted in China or other

countries. Meantime, 11 studies whose research objects are children,

got a pooled asymptomatic proportion of 27.7% among confirmed

cases. This result is much higher than the result obtained from all

aged groups.

Many viral infections are associated with asymptomatic, subclinical,

or very mild symptoms. Influenza was estimated to be 5.2% to 35.5%.48

Asymptomatic infections were also reported during SARS and MERS.

Our result of asymptomatic proportion is lower than in many in-

dependent studies. In the study conducted by Nishiura et.al estimating

the asymptomatic ratio of COVID‐19 by using the information on

Japanese chartered flights evacuated from Wuhan, China, this number

F IGURE 1 Frost plot of the proportion of asymptomatic infection in COVID‐19 patients
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was calculated to be 30.8%.19 This could be explained by the relatively

small observation sample size. Presymptomatic is common in patients

who had no symptoms at diagnosis. Those patients developed symp-

toms later during follow‐up and are easy to be mistakenly classified as

asymptomatic patients if the observation time is not long enough, which

disturbs figuring out the true burden of asymptomatic infection. In

10 studies containing the number of presymptomatic infection, the

pooled proportion of presymptomatic infection of COVID‐19 among

no‐symptoms patients at screening time is 48.8%. This result indicates

that nearly half of the patients who were diagnoses with COVID‐19
asymptomatically at screening time may be in their incubation period

and develop symptoms later in the nature course of the disease. In a

study reporting 55 asymptomatic cases, even admitted asymptomati-

cally, 39 of them developed symptoms and two of them even developed

severe COVID‐19 during hospitalization.49 In one extreme case, an

asymptomatic patient did not show any symptoms of COVID‐19 until

her sudden death due to arterial and venous thromboembolic events of

COVID‐19.50

Studies showed that most children's cases were less severe

than adults. The main reason why the majority of children had a

benign course of illness with mild respiratory symptoms is still

unknown. This may be explained by host factors. Angiotensin‐
converting enzyme 2 (ACE2), the main means of pathogenesis, is

significantly lower in children than in adults. Moreover, children's

immune function is less mature than adults with a blunt immune

response in SARS‐CoV2 infection. This may highlight a possible

likelihood of underestimation of children COVID‐19 patients,

owing to the not so ideal performance of current screening

strategy relying hugely on clinical symptoms to detect COVID‐9.
Some studies also showed that the median age of asymptomatic

patients is younger than the symptomatic patients.26 The elderly

and pregnant women also showed higher proportions of asymp-

tomatic infection in our subgroup meta‐analysis. Reasons may be

explained by the relatively small sample size of these two types of

patients. Special immune system states may also be a possible

reason for this phenomenon.

Clinical manifestations of asymptomatic patients show that

most asymptomatic patients were moderate in their clinical

manifestations and stay asymptomatic until their RNA testing

turned negative. Some transient symptoms were recorded

in some studies. In the study conducted by Lee et al, acute

anosmia or ageusia was observed in 15.7% (367/2342) patients

with asymptomatic‐to‐mild disease severity owing to damage

to the olfactory nerve during invasion and multiplication of

SARS‐CoV‐2.4 An asymptomatic patient can also have a transient

high temperature51 or a slightly dry cough during illness.52

COVID‐19 patients may show varying degrees of laboratory ab-

normalities, for example, leukopenia, increased lactate dehy-

drogenase, lymphocytosis, lymphopenia, etc. We still don't know

whether there are differences in laboratory test results between

asymptomatic patients and symptomatic patients. Though ima-

ging examination could be a potential approach to identify

asymptomatic COVID‐19 patients. Even without clinical features,

some asymptomatic patients do have abnormal CT features

indicating pulmonary involvement,53 which is mainly patchy

shadowing and GGOs, demonstrating that chest CT method could

be helpful to screen asymptomatic COVID‐19 patients. IgG

and IgM levels of the patients showed a gradually increasing

trend during COVID‐19. Noticeably, one study from Wuhan

showed that 98/1021(9.6%) nucleic acid testing negative

patients had lgG positive results, suggesting possible recovery

from asymptomatic SARS‐CoV‐2 infection.54 A study from

Germany also demonstrates the importance of serological tests in

COVID‐19. In 5/316(1.6%) healthcare workers SARS‐CoV‐2‐IgG
antibodies could be detected. Four of the five subjects were

tested negative for SARS‐CoV‐2 via PCR. One subject was not

tested via PCR since he was asymptomatic.55 All those results

suggest that asymptomatic patients could use serological tests to

detect COVID‐19 infection.

Asymptomatic infection was believed to be less contagious as

a consequence of a decreased virulence throughout the succes-

sive transmission, like SARS‐CoV. In the study conducted by

F IGURE 2 Frost plot of the proportion of presymptomatic infection in initial no‐symptom COVID‐19 patient
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F IGURE 3 Frost plot of the proportion of asymptomatic infection in COVID‐19 patients by study group
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F IGURE 4 Frost plot of the proportion of asymptomatic infection in COVID‐19 patients by study place
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Schwierzeck et al,36 the viral load of six asymptomatic patients is

lower than six symptomatic cases. This result was supported by a

mass screening by Rivett et al of health care workers as well as

their contacts in the UK. Viral loads were significantly lower for

31 asymptomatic health care workers screening group than in

those 30 individuals tested positive due to the presence of

symptoms.42 However, it's still too early to conclude that

asymptomatic patients are less likely to transmit the virus.

Relatively high viral load was also detected in asymptomatic

patients51,56 and the stool sample was tested positive in a well

infant of COVID‐19,51 a man in his 20s57 and a 10 years old boy

in Zhejiang, China.58 The role of asymptomatic patients in po-

tential transmission of infection to close contact is still a concern.

The study conducted by Hu et al certificated that asymptomatic

carriers can result in person‐to‐person transmission and should

be considered a source of COVID‐19. Case 13 in that study

transmitted the virus to his cohabiting family members and one of the

infected individuals developed severe COVID‐19 pneumonia.59 In a

family cluster report, the index patient is asymptomatic during hos-

pitalization.60 A familial cluster of five patients with COVID‐19
pneumonia in Anyang, China, had contact with an asymptomatic

F IGURE 5 Funnel plot based on the proportion of asymptomatic

infection for evaluation of publication bias

TABLE 1 Characteristics of the studies included for clinical characteristics of asymptomatic infection

(ID) Study (20) Ma Y (13) Xiong F (9) He GQ (32) Du WJ Xu TM

Number of asymptomatic patients 11 28 12 8 15

Age (range) 23 (1‐60) 62.1 31 (24‐51) NA 27

Male (percentage) 6 (54.5%) 15 (53.6%) 6 (50%) 5 (62.5%) 10 (66.7%)

Conversion time, d 10 (3‐34) NA NA 5.43 NA

Hospital stay, d 14 (10‐30) NA NA NA NA

Abnormal CT result 7 (63.6%) NA NA 5 (62.5%) NA

Bilateral involvement (CT) 4 NA 4 3 4

Unilateral involvement (CT) 3 NA 5 2 4

White blood cell count (109/L) NA 5.3 (3.5‐7.9) 6.1 (4.6‐6.9) 7.11 6.3 (4.8‐8.1)
Decreased 3 (27.3%) NA NA NA 0

Lymphocyte count (109/L) NA 1.0 (0.8‐1.3) 1.9 (1.5‐2.1) 4.64 2.3 (1.7‐3.4)
Increased 4 (36.4%) NA NA NA NA

Decreased 0 (0.0%) NA NA NA 1 (6.7%)

Neutrophils count (109/L) NA 4.0 (2.6‐6.4) 3.4 (2.6‐5.0) 1.93 3.0 (2.7‐4.6)

Hemoglobin, g/L NA 110.0 (91.0‐121.0) 136.0 (121.0‐144.0) 131.63 138.0 (131.0‐162.0)

PLT (109/L) NA 151.5 (108.9‐191.0) 272.0 (210.0‐311.0) 260.88 214.0 (142.0‐277.0)

C‐reaction protein, mg/L NA NA 0.80 (0.46‐1.10) 0.65 NA

Increased 1 (9.1%) NA NA NA 2 (2/14, 14.3%)

Lactate dehydrogenase, U/L NA NA 154.0 (134.0‐182.0) 333.03 195.0 (166.0‐388.0)
Increased 5 (45.5%) NA NA NA 6 (40%)

Creatine kinase, U/L NA NA 65.1 (36.0‐73.9) 116.85 NA

Increased 6 (54.5%) NA NA NA NA

Level of D‐dimer, µg/mL NA NA NA 0.49 0.2 (0.1‐ 0.3)

ESR, mg/L NA NA 14 (10‐15) NA NA
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family member before their symptom onset.61 Presymptomatic patient

can also transmit the virus by close contact.62 Laboratory screening

tests should be regarded as part of active case monitoring and contact

investigations. When asymptomatic patients are identified, it is better

to put the patients under monitor.

There are highlights in our studies. First, by using logit

transversion of the original data, the pooled proportion of

asymptomatic infection was more accurately estimated. Besides,

the pooled percentage of presymptomatic infection in patients

without symptoms at screening point was also analyzed in the

10 studies containing the detailed information. Meanwhile, there

are limitations to our study. First of all, some including studies'

observation time were not long enough or did not record nega-

tive PCR results of patients. This may lead to some presympto-

matic cases to be mistaken for asymptomatic patients. Second,

recalling bias may exist, some studies recorded symptoms of

patients mainly basing on self‐reporting. Some asymptomatic

patients may have symptoms before screening and thus symp-

tomatic person might have failed to report mild or subclinical

symptoms after symptoms resolved. Third, serum viral conver-

sion time and treatments are not available in many articles,

making it's hard to conclude whether asymptomatic patients are

more likely to clear virus shedding in organs and whether those

patients with slightly clinical manifestations should undergo

routine treatment or should only take quarantine till recovery.

More studies are needed to get a comprehensive understanding

of asymptomatic infection of COVID‐19 to guide the prevention

measures employed in the real‐world.

5 | CONCLUSION

Probing into asymptomatic infection proportion is a useful

quantity to understand the true burden of disease transmission.

In our meta‐analysis, asymptomatic infection is estimated to be

15.6% of all confirmed cases. Nearly half of the patients who have

no symptoms at the screening point can develop symptoms dur-

ing follow‐up. Children are likely to have a higher proportion of

asymptomatic infection of COVID‐19 than adults. One‐third of

confirmed children with COVID‐19 are asymptomatic. A com-

prehensive analysis of a possible patient's epidemical history,

nucleic acid tests, serological tests, and imaging test results are

required to identify asymptomatic infections of COVID‐19 to

intercept the transmission of this virus.
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