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Background Understanding the role of children in the transmission of SARSCoV-2 is urgently required given its policy implications in relation to the reopening of schools and intergenerational contacts.
Methods We conducted a rapid review of studies that investigated the role of
children in the transmission of SARS-CoV-2. We synthesized evidence for four
categories: 1) studies reporting documented cases of SARS-CoV-2 transmission
by infected children; 2) studies presenting indirect evidence on the potential
of SARS-CoV-2 transmission by (both symptomatic and asymptomatic) children; 3) studies reporting cluster outbreaks of COVID-19 in schools; 4) studies
estimating the proportions of children infected by SARS-CoV-2, and reported
results narratively.
Results A total of 16 unique studies were included for narrative synthesis.
There is limited evidence detailing transmission of SARS-CoV-2 from infected
children. We found two studies that reported a 3-month-old whose parents
developed symptomatic COVID-19 seven days after caring for the infant and
two children who may have contracted COVID-19 from the initial cases at a
school in New South Wales. In addition, we identified six studies presenting
indirect evidence on the potential for SARS-CoV-2 transmission by children,
three of which found prolonged virus shedding in stools. There is little data
on the transmission of SARS-CoV-2 in schools. We identified only two studies reporting outbreaks of COVID-19 in school settings and one case report of
a child attending classes but not infecting any other pupils or staff. Lastly, we
identified six studies estimating the proportion of children infected; data from
population-based studies in Iceland, Italy, South Korea, Netherlands, California and a hospital-based study in the UK suggest children may be less likely
to be infected.
Conclusions: Preliminary results from population-based and school-based
studies suggest that children may be less frequently infected or infect others,
however current evidence is limited. Prolonged faecal shedding observed in
studies highlights the potentially increased risk of faeco-oral transmission in
children. Further seroprevalence studies (powered adequately for the paediatric population) are urgently required to establish whether children are in fact
less likely to be infected compared to adults.
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Note We plan to update this rapid review as new data becomes available.
These updates are available at https://www.ed.ac.uk/usher/uncover/completed-uncover-reviews.
COVID-19, caused by severe acute respiratory syndrome coronavirus 2 (SARSCoV-2), was declared a pandemic on 11 March 2020 by the World Health Organization. Children are less likely to develop severe disease from COVID-19 compared to adults, although the reasons for this remain unclear [1]. Despite the fewer
number of cases reported in children, there are concerns about asymptomatic or
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mildly symptomatic paediatric cases going undetected and unknowingly transmitting SARS-CoV-2 in the
community or schools [2,3]. Understanding the role of children in the transmission of SARS-CoV-2 is of
global interest and is urgently required given its policy implications in relation to reopening schools and
intergenerational contacts. This rapid review aims to synthesise the latest evidence in relation to the role
of children in the transmission of SARS-CoV-2.

METHODS
Literature search and eligibility criteria
We searched PubMed, medRxiv and the WHO COVID-19 database on 30 April 2020 with entry date
limits from late 2019 (please see search strategies in the Appendix S1 of the Online Supplementary
Document), to identify studies that investigated transmission of SARS-CoV-2 in children (0-18 years) or
in schools. We reviewed titles and abstracts and subsequently full texts to identify publications based on
predefined inclusion and exclusion criteria. We hand-searched reference lists of the retrieved eligible publications to identify any additional relevant studies. In particular, we included 1) studies reporting documented COVID-19 cases transmitted by SARS-CoV-2 positive children; 2) studies presenting indirect evidence on the potential of SARS-CoV-2 transmission by (both symptomatic and asymptomatic) children;
3) studies reporting cluster outbreaks of COVID-19 in schools; 4) studies estimating the proportions of
children infected by SARS-CoV-2. Conversely, we excluded studies investigating clinical features and/or
treatment of paediatric COVID-19 cases without any information on transmission. We included articles
in peer-reviewed journals and pre-prints and excluded comments, conference abstracts, and interviews.
We restricted studies to those reported in English or Chinese. In addition, we summarized and checked
the references of previous reviews and policy briefs on the transmission of SARS-CoV-2 among children.

Data extraction and evidence synthesis
Data relevant to the evidence for transmission of SARS-CoV-2 by children were extracted by four reviewers (XL, WX, YH, AK) and checked by a senior epidemiologist (ET). We synthesized evidence thematically and reported results narratively.

RESULTS
A total of 993 publications were retrieved and 16 unique studies were finally included for narrative synthesis (Figure 1): two studies investigating SARS-CoV-2 transmission from SARS-CoV-2 positive children
[4,5]; six studies presenting indirect evidence on the potential of SARS-CoV-2 transmission by children

Figure 1. Flowchart summarizing study identification and selection. *One study reported documented cases of
SARS-CoV-2 transmission by diagnosed children in school settings.
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[3,6-10]; two studies exploring school outbreaks [5,11] and one paediatric case report of tracing close
contacts in schools [12]. We also found five studies [13-17], that addressed a relevant research question
(ie, proportion of children infected as identified through random or targeted population testing) and we
also report results from a large hospital-based study in the UK [18].

Documented cases of SARS-CoV-2 transmission by children
We did not identify any studies directly addressing the transmission dynamics of SARS-CoV-2 by children.
There is limited evidence detailing transmission of SARS-CoV-2 from children (Table 1).
A case series from China described 10 paediatric patients admitted to a children’s hospital in China [4].
They identified one potential case of SARS-CoV-2 transmission from an infant to parents, who subsequently developed symptomatic COVID-19 seven days after looking after the infant. This is probably the
first piece of direct evidence indicating children as a source of adult infection.
A school-based study (10 high school and five primary schools) from New South Wales traced the close
contacts (735 students and 128 staff) of 18 initial COVID-19 cases (nine students and nine staff) to see
who they subsequently infected. They found that two children (secondary cases) may have contracted
COVID-19 from the initial cases at their schools [5]. The authors highly suspected, but were unable to
confirm, that one of the pupils was infected after close contact with two pupils in high school. They found
no evidence of children infecting teachers or staff members.

Indirect evidence of the potential for SARS-CoV-2 transmission by children
We identified six studies [3,6-10] presenting indirect evidence of the potential of SARS-CoV-2 transmission by children (Table 2).
One study assessed environmental contamination in the isolation room of an infected infant [6]. Although
this infant was asymptomatic, nasopharyngeal swabs confirmed COVID-19 infection with a very high
viral load. The presence of SARS-CoV-2 was detected on the surfaces exposed to the infant (eg, bedding,
cot, table), showing a downward gradient of viral load with increasing distance from the infant. The surfaces proximal to the infant were assumed to be contaminated through crying or drooling. Findings from
this study indicate the potential risk of airborne transmission or transmission through indirect contact of
fomites, even in well infants with PCR-detectable virus. This study also reaffirms the importance of hand
hygiene when caring for infants with COVID-19.

Table 1. Characteristics of studies with documented cases of COVID-19 transmission by children
Author, country, study design

Population setting, patient demographics, clinical characteristics

Primary results

Cai [4], China (Shanghai), Case series (DOI: 10.1093/cid/ciaa198)

Population setting: Ten patients admitted to a children’s
hospital for screening based on presentation with acute
fever and or respiratory symptoms AND an epidemiological link to an adult case/exposure to an epidemic area.
Demographics: Age: 3-131 months (mean: 74 months).
Gender: male n = 4, female n = 6.
Clinical characteristics: Presentation: Fever n = 8 (80%);
cough n = 6 (60%); sore throat n = 4 (40%); stuffy nose
n = 3 (30%); sneezing and rhinorrhoea n = 2 (20%). RNA
positive within 4-48 h after symptom onset. RNA (nasopharyngeal/throat swabs) undetectable within 6-22 days
(mean: 12 d) after illness onset.
Population setting: 15 schools (10 high school and 5 primary schools); a total of 18 COVID-19 cases (9 students
and 9 staff) 18 individuals (9 students and 9 staff) from 15
schools were confirmed as COVID-19 cases; 735 students
and 128 staff were close contacts of these initial cases.

Confirmed transmission: Transmission from infected infant to adults: n = 2. 3-mo-old infant whose
two parents developed symptomatic COVID-19 seven days after looking after the infant. Source of infant
infection not reported. Infant had positive nasopharyngeal swabs for 8 d.

National Centre for Immunisation Research and Surveillance (NCIRS) [5]. Australia
(New South Wales). School-based
study. Available at: http://ncirs.
org.au/sites/default/files/2020-04/
NCIRS%20NSW%20Schools%20
COVID_Summary_FINAL%20public_26%20April%202020.pdf
Demographics: Not reported
Clinical characteristics: Not reported
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Mean time to transmission/symptoms onset:
Not reported. Parents developed symptomatic
COVID-19 seven days after looking after the infant.

Confirmed transmission: Transmission from infected students/staff to students: n = 2. No confirmed
transmission from students to staff. One secondary
case (child in a high school) was presumed to have
been infected following close contact with two student cases. The other secondary case (child in a primary school) was presumed to have been infected by
a staff member (teacher) who was a case.
Mean time to transmission/symptoms onset: One
of them was diagnosed by nose/throat swab testing
5-10 days after the last contact and one had a positive antibody test 4 weeks after their exposure.
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Table 2. Characteristics of studies reporting indirect evidence of the potential for COVID-19 transmission by children
Yung [6]. Singapore
(Infectious Disease
Service, KK Women's and Children's
Hospital). Case report (DOI: 10.7326/
M20-0942)

Population setting: A 6 month-old infant was admitted for isolation because both parents tested positive for
COVID-19. On admission, infant was asymptomatic, but
nasopharyngeal swabs confirmed COVID-19 infection
with very high viral load.

Confirmed transmission: On day 2 of admission,
the infant's isolation environment and the personal
protective equipment (PPE) of a health care worker
(HCW) who was looking after the infant were sampled. For the infant, Ct values on real-time PCR for
the N gene and Orf1ab gene were 18.8 and 18.6, respectively, while urine and stool samples remained
negative. For the isolation environment, the infant's bedding, the cot rail, and a table situated 1
m away (all 3 environment samples) were found to
be positive for SARS-CoV-2. The SARS-CoV-2 RdRp
gene Ct values for the bedding, cot, and table were
28.7, 33.3, and 29.7, respectively. For all 3 samples
from the HCW’s, PPE were found to be negative for
SARS-CoV-2.

Demographics: Age: 6 months. Gender: NA

In summary, a generally well infant with COVID-19
Clinical characteristics: The cycle threshold (Ct) values can contaminate the environment with PCR-detectfor N gene and Orf1ab gene polymerase chain reaction able virus. Despite close physical contact with the
(PCR) assay were 15.6 and 13.7, respectively, on the day infant during feeding, the evidence of SARS-CoV-2
on the gown of the HCW was not found.
of admission.
Xu [7]. China (Guangzhou,
Guangdong Province). Single-center
prospective observational study (DOI:
10.1038/s41591020-0817-4)

Population setting: Between 22 January 2020 and 20
February 2020, 745 ‘highly suspected’ children were
screened by real-time RT–PCR using nasopharyngeal
swabs to detect people with SARS-CoV-2 infection. 10
children tested positive and were admitted to Guangzhou
Women and Children’s Medical Centre.

Ma [8]. China
(Jinan, Shangdong
Province), case series
(DOI: 10.1016/j.
jmii.2020.03.010)

Population setting: The study found 8 of 27 (29.6%) Transmission route: All 6 children had close conpatients, all of whom were diagnosed with mild to mod- tact with infected family members.
erate infection and discharged 1–2 weeks ago, showed
positive PCR results in their stool but negative results in
their respiratory specimens. Six (75%) of these 8 patients
were children.

Transmission route: Four of them had definite
contact history with a confirmed patient, seven
were from families with a cluster of infection and 7
had travel history to epidemic areas in Hubei Province 2 weeks before the onset of infection.

Demographics: Age: 2-188 months (mean: 90.5 months). Faecal viral shedding: Positive real-time RT–PCR
Gender: male n = 6, female n = 4
results in rectal swabs in 8 out of 10 paediatric paClinical characteristics: Presentation: fever n = 7 (70%); tients, which remained detectable well after nasocough n = 5 (50%); sore throat n = 4 (40%); rhinorrhoea pharyngeal swabs turned negative, suggesting that
n = 2 (20%); diarrhoea n = 3 (30%); more than one sign the gastrointestinal tract may shed virus and faeco–
oral transmission may be possible.
n = 6 (60%)

Demographics: Age: 11-108 months (mean: 55.8 Faecal viral shedding: SARS-CoV-2 can be shed in
months). Gender: male n = 2, female n = 4
the stool of patients in the recovery phase. Children
Clinical characteristics: Presentation: fever n = 2 (33.3%) show a longer shedding time than adults.
Xing [9]. China
(Qingdao, Shandong
Province), case series
(DOI: 10.1016/j.
jmii.2020.03.021)

Population setting: From January 17, 2020 to February
23, 2020, three paediatric cases of COVID-19 were reported in Qingdao, Shandong Province, China. Epidemiological, clinical, laboratory, and radiological characteristics
and treatment data were collected. Patients were followed
up to March 10, 2020, and dynamic profiles of nucleic
acid testing results in throat swabs and faecal specimens
were closely monitored.

Transmission route: None of these children had
travel history outside of Qingdao one month before
onset of the disease. All three children were infected
because of close contact with infected family members. There was no evidence showing the virus was
transmitted from the children to others.

Demographics: Case 1: age: 1.5 years; gender: male. Case Faecal viral shedding: Case 1 and 2: RT-PCR re2: age: 5years; gender: male. Case 3: age: 6years; gender: sults remained positive in stools of the two children
female
for 8 and 20 d, respectively, after nucleic acid turnClinical characteristics: Presentation: fever n = 3 (100%); ing negative in respiratory samples. Case 3: Clearcough n = 1 (33.3%); stuffy nose n = 1 (33.3%); abdominal ance of SARS-CoV-2 in stool samples occurred 20
days after viral RNA in respiratory specimens turnpain n = 1 (33.3%); diarrhea n = 1 (33.3%)
ing negative.
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Table 2. Continued
Terry [10]. Germany (Berlin). Retrospective study

Population setting: From January to 26 April 2020, virology laboratories at Charité and Labor Berlin screened
59 831 patients for COVID-19 infection, 3712 (6.2%)
with a positive real-time RT-PCR result. Patients were
divided according to two categorizations to investigate
whether there is a relationship between patient age and
viral load. The first categorization is based on ten-year
brackets. The second categorization is based on broad
social strata: kindergarten (ages 0-6), grade school (ages
7-11), high school (ages 12-19), university (ages 20-25),
adult (26-45), and mature (age over 45).
Demographics: Kindergarten (ages 0-6): n = 1759);
Grade school (ages 7-11): n = 623; High school (ages 1219): n = 1790; University (ages 20-25): n = 4587; Adult
(ages 26-45): n = 23 665; Mature (age over 45): n = 27 407
Clinical characteristics: Positive PCR counts and percentages. Kindergarten (ages 0-6): n = 37 (2.10%); Grade
school (ages 7-11): n = 16 (2.57%); High school (ages
12-19): n = 74 (4.13%); University (ages 20-25): n = 267
(5.82%); Adult (ages 26-45): n = 1247 (5.27%); Mature
(age over 45): n = 2071 (7.56%)
Population setting: Nationwide case series of 2135 paeDong [3]. China
(nationwide), Retro- diatric patients with COVID-19 reported to the Chinese
spective study (DOI: Center for Disease Control and Prevention from Janu10.1542/peds.2020- ary 16, 2020, to February 8, 2020, were included. There
were 728 (34.1%) laboratory-confirmed cases and 1407
0702)
(65.9%) suspected cases.
Demographics: Age: 1 day–18 years (mean: 7 years);
Gender: male n = 1208 (56.6%), female n = 927 (43.4%)
Clinical characteristics: Regarding the severity (including both confirmed and suspected cases), 94 (4.4%),
1088 (51.0%), and 826 (38.7%) cases were diagnosed as
asymptomatic, mild, or moderate, respectively; accounting for 94.1% of all cases. However, the proportion of
severe and critical cases was 10.6%, 7.3%, 4.2%, 4.1%,
and 3.0% for the age groups, 1, 1 to 5, 6 to 10, 11 to 15,
and over 15 years, respectively. These results suggest that
young children, particularly infants, were vulnerable to
SARS-CoV-2 infection.

Viral load distribution: Kindergarten (ages 0-6):
n = 37 (mean:5.16; SD: 1.97); Grade school (ages
7-11): n = 16 (mean:5.36; SD: 2.21); High school
(ages 12-19): n = 74 (mean:4.78; SD: 1.78); University (ages 20-25): n = 267 (mean:4.37; SD: 1.60);
Adult (ages 26-4 5): n = 1247 (mean:5.23; SD:
1.87); Mature (age over 45): n = 2071 (mean:5.28;
SD: 1.95). The study found no significant differences in viral load exists between different age subgroups. However, there were smaller sample sizes
in the paediatric age groups.

Transmission route: Approximately half of the
patients were from Hubei province (981; 46.0%),
whereas 396 (18.5%) case patients were from Anhui, Henan, Hunan, Jiangxi, Shanxi and Chongqing, which border Hubei province. In the spatial
distribution, there was a clear trend that disease
spread rapidly from Hubei province to surrounding provinces and cities over time. There were more
children infected in the areas around Hubei province than in areas farther away except for Heilongjiang province. This study provided strong evidence
at the start of the outbreak of human-to-human
transmission.

At least three studies have shown that children show prolonged faecal shedding compared to adults (and
in some cases longer than four weeks) [7-9]. Notably, SARS-CoV-2 remained detectable in stool samples
well after nasopharyngeal swabs turned negative. The researchers of one study also found that the viral
load of SARS-CoV-2 in the gastrointestinal tract was greater and lasted longer than that in the respiratory system [9]. These findings lead to concerns about the potential for faeco-oral transmission of SARSCoV-2, particularly in infants and children who are not toilet-trained and who have poorer hand hygiene.
A study of 3712 COVID-19 patients analysed the variance of viral loads in patients of different age categories [10]. They initially reported a similar viral load in children as in adults [10], however, re-analysis
of these data show that young children (<10 years old) had statistically significant lower viral load [19].
It is estimated that the proportion of infected children with latent asymptomatic or with mild symptoms
of respiratory illness is higher than in adults, which highlights the possibility that children and young adolescents may be potential sources of undetected community transmission [3]. A nationwide case-series
of 2135 paediatric patients with COVID-19 reported to the Chinese Centre for Disease Control and Prevention found that more than 90% had asymptomatic (4%), mild (50.9%), or moderate (38.8%) symptoms [3]. This is a hospital-based study, which may underestimate the true rate of asymptomatic infection,
since many asymptomatic children are unlikely to be hospitalised or tested [3]. While there are studies describing the infective potential of asymptomatic adult cases [20,21], few describe this in children.
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SARS-CoV-2 transmission in school settings
Specific evidence related to the transmission of SARS-CoV-2 in schools is lacking, which is probably due
to the early closure of schools at the start of the pandemic in many countries. We identified only two studies reporting a cluster outbreak of COVID-19 in school settings [5,11] and one case report of a paediatric
case attending school but not infecting any other pupils or staff [12] (Table 3).
One of these studies retrospectively followed up 661 pupils and staff in a French high school affected by
an outbreak of COVID-19 [5]. They found that 40.9% of pupils and staff (with no significant difference
between the two groups) became infected by school contacts. For household contacts, 10.9% of parents
and siblings of infected pupils were also infected. However, it should be noted that almost all the students
in the study were aged 15-17 years of age, and appeared to have similar disease characteristics to young
adults. Therefore, the rate of infection reported might be not applicable to younger children.
A school-based study from New South Wales, identified 18 individuals (nine pupils and nine staff) from
15 schools (10 high schools and five primary schools) that were confirmed COVID-19 cases [11]. A total of 735 pupils and 128 staff were close contacts of these initial 18 cases and two secondary cases were
reported. The first secondary case was a high-school student, who was presumed to have been infected
following close contact with two student cases. The second secondary case was a primary school student,
who was presumed to have been infected by a staff member (teacher). No teachers or staff members contracted COVID-19 from any of the initial school cases.
One case report describes a paediatric patient who was infected during a holiday in France [12]. Despite
a large number of contacts in different classes after returning to the UK, the paediatric case did not transmit the disease to any other pupils.

Proportion of children infected by SARS-CoV-2
We next sought to identify studies which estimated the proportion of children infected in the community.
We included five studies [13-17] estimating the proportion of children infected through either random or
targeted population testing, and a large hospital based study from the UK [18] (Table 4).
Targeted (n = 9199) and random population screening (n = 13 607) from Iceland found that children under
10 were less likely to test positive than those 10 and over (6.7% vs 13.7% for targeted testing; and 0% vs

Table 3. Characteristics of studies reporting COVID-19 transmission in school settings
National Centre for Immunisation Research and Surveillance (NCIRS) [5]. Australia (New South Wales).
School-based study. Available
at: http://ncirs.org.au/sites/default/files/202004/NCIRS%20
NSW%20Schools%20COVID_
Summary_FINAL%20public_26%20April%202020.pdf

Population setting: 15 schools (10 high school and 5 primary schools); a total of 18 COVID-19 cases (9 students and 9
staff) 18 individuals (9 students and 9 staff) from 15 schools
were confirmed as COVID-19 cases; 735 students and 128
staff were close contacts of these initial cases.

Arnaud [11]. French
(Oise). Retrospective
closed cohort study (DOI:
10.1101/2020.04.18.20071134)

Population setting: 661 participants included pupils, their
parents and siblings, as well as teachers and non-teaching staff
of a high-school linked to a cluster outbreak of COVID-19.
Demographics: Age: ≤14 years (n = 37); 15-17 years (n = 205)
Case confirmation: A participant with positive serology at the
time of blood sampling was considered as a confirmed case.
Population setting: A paediatric patient was confirmed as
a secondary case by close contacts with the index case in
France. 112 school contacts with this child case were identified from 3 different schools and 1 ski class.
Demographics: 9 year-old child with respiratory symptoms
Case confirmation: SARS-CoV-2 virus was tested by the RTPCR from either nasopharyngeal swabs or endotracheal aspirates in any of these school contacts monitored.

DANIS [12]. French (Alps), a
case report (DOI: not available)

Confirmed transmission: Transmission from infected students/staff to students: n = 2; No confirmed
transmission from students to staff; One secondary
case (child in a high school) was presumed to have
been infected following close contact with two student cases. The other secondary case (child in a primary school) was presumed to have been infected by
a staff member (teacher) who was a case.
Demographics: Not reported
Mean time to transmission/symptoms onset: One
Case confirmation: Participants were swabbed for SARS- of them was diagnosed by nose/throat swab testing
CoV-2 virus testing and had a blood sample taken to detect 5-10 days after the last contact and one had a positive
antibody test 4 weeks after their exposure.
antibodies to the virus.
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Confirmed transmission: 92 out of 240 pupils had
anti-SARS-CoV-2 antibodies, and the infection attack
rate (IAR) was 38.3% among children. The overall
infection attack rate (IAR) was 40.9% in the high
school group, and was 10.9% in parents and siblings of the pupils.
Confirmed transmission: No confirmed transmission. The paediatric case attended three schools
while symptomatic, but did not transmit the virus.
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Table 4. Characteristics of studies reporting the proportions of children infected by COVID-19
Gudbjartsson [13]. Iceland,
population-based screening (DOI: 10.1056/NEJMoa2006100)

Population setting: 9919 persons (564 children) from the
high-risk population (mainly those who were symptomatic,
had recently travelled to high-risk countries, or had contact
with infected persons), and 13080 persons (848 children) from
the population-screening programme
Demographics: Age: <10 years

Proportion of children infected by COVID-19:
38 (6.7%) children from the high-risk group tested positive, in contrast to 1183 of 8635 persons
(13.7%) who were 10 years of age or older. In the
population-screening group, none of the 848 children tested positive

Case confirmation: RNA sequencing
Enrico [14]. Italy (municipality of Vo’). Population-based survey (DOI:
10.1101/2020.04.17.20053157)

Population setting: 5155 persons (234 children) from 2 pop- Proportion of children infected by COVID-19:
ulation-based surveys
None of the 234 children tested positive.

COVID-19 National Emergency Response Centre
[15]. Republic of Korea, population-based survey (DOI:
10.24171/j.phrp.2020.11.2.05)

Population setting: 7755 cases (480 children) from 2 popu- Proportion of children infected by COVID-19:
lation-based surveys
1% of confirmed cases were <10 years old and
Demographics: Age: 0-9 years (n = 75); 10-19 years (n = 405) 5.2% were 10-19 years old.

National Institute for Public
Health and Environment. Children and COVID-19 (PIENTER Corona study) [16]. Netherlands, population-based survey
(DOI: Not available)

Population setting: 6100 persons (480 children) from the PI- Proportion of children infected by COVID-19:
ENTER Corona study
2% tested positive for antibodies in their blood.

Eran [17]. U.S.A (Santa Clara, California), community-based survey (DOI:
10.1101/2020.04.14.20062463)

Population setting: 3330 persons (889 children) recruited Proportion of children infected by COVID-19:
from residents in Santa Clara county
Among 621 children who were tested, 1.4% of
children 0-4 years old and 1.5% of children 5-18
Demographics: Age: <19 years
years old tested positive.
Case confirmation: Blood antibodies

Annemarie [18]. UK (166
UK hospitals). Hospital-based prospective observational cohort study (DOI:
10.1101/2020.04.23.20076042)

Population setting: 16 749 people with COVID-19 diagnosed Proportion of children infected by COVID-19:
from 166 UK hospitals between 6 February and 18 April 2020. Severe COVID-19 infections are rare in those unDemographics: The median age was 72 years (IQR 57, 82; der 18 years of age, comprising 1.4% of those adrange 0, 104), the median duration of symptoms before admis- mitted to hospital. Only 0.8% of those in the study
sion was 4 days (IQR 1, 8) and the median duration of hospital were under 5 years of age.

Demographics: Age: <10 years
Case confirmation: Real time RT-PCR

Case confirmation: Laboratory-confirmed cases

Demographics: Age: <20 years
Case confirmation: Blood antibodies

stay was 7 days (IQR 4, 12).

0.8% for random population testing) [13]. The Italian principality of Vo tested >85% of their population
following their first death from COVID-19 and found no positive cases in children despite 2.6% of the
population testing positive [14]. A demographic breakdown of the first 7755 laboratory-confirmed cases
in South Korea (where extensive community testing has been implemented) showed that only 1% of the
confirmed cases were <10 years old and 5.2% were 10-19 years old [15]. A study in the Netherlands is
undertaking community serology testing for antibodies against SARS-CoV-2 and in their first release of
preliminary results they have found 4.2% of adults were positive compared to 2% of those aged <20 years
[16]. Finally, a COVID-19 antibody seroprevalence study in Santa Clara County, California showed that
positivity of the antibody test was not significantly different across age groups (but children were from the
same households of the adults that were selected for testing) [18]. There is no population-based study in
the UK to accurately assess the level of infection in the community. An ISARIC study of 16 749 hospitalised UK patients with COVID-19 from 166 UK hospitals found that only 2% of the patients were under
18 years old (n = 239 patients) and 1.1% were under 5 years old (n = 139 patients) [18].

DISCUSSION
This rapid evidence review summarises the currently available evidence on the role of children in SARSCoV-2 transmission. The key messages based on the findings of this review are: (i) Case series and outbreak reports detailing transmission in children are few. Those studies which are available demonstrate
that transmission by children is possible but do not quantify the likelihood of transmission in children
compared to adults. (ii) There is theoretical evidence that alternative transmission routes such as faeco-oral
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transmission may pose a higher risk in children. Further investigation is required to confirm whether
longer viral shedding times in stools in children pose a higher risk of transmission. (iii) There is little evidence on transmission dynamics in school settings. Given the current paucity of data, further investigation and close monitoring will be essential where schools have re-opened and in settings where schools
have remained open. (iv) Children are infected, but perhaps less frequently than adults. However, these
studies are limited by small numbers and additional community seroprevalence surveys are needed to
confirm the proportion of children infected.
Direct evidence showing children as a source of transmission is scarce and largely based on small studies
or studies investigating few paediatric cases. We identified two studies indicating that children can transmit COVID-19 to other children or adults [4,5], however, these studies have a high degree of uncertainty.
The early case series of paediatric cases in China [4] (providing evidence on children as a source of adult
infection) has been questioned by the Swiss National Science Task Force group [22], who stated that a
check of the original data does not confirm the reported transmission from the infant to their parents.
For the other school-based study, the authors conclude that it is likely that a pupil was infected by one of
two other pupils in a high school environment, but they are not certain due to the difficulty in tracking
transmission chains in such a widespread outbreak [5].
While there is lack of direct evidence on the frequency that children transmit the disease, indirect evidence
illustrates the potential risk of viral transmission by children. First, there is evidence showing that an infected infant contaminated (with SARS-CoV-2) the surfaces they were in contact with, thus rendering the
risk of transmitting the virus to caregivers through indirect contact with fomites [6]. This finding reinforces the need for caregivers of children to practice hand hygiene as recommended by the WHO. Second,
persistent shedding of SARS-CoV-2 in stools of infected children raises the possibility of faeco-oral transmission. This potential is evidenced by at least three studies, which demonstrated that SARS-CoV-2 may
be present in the gastrointestinal tract for a longer duration than viral presence in the respiratory system
[7-9]. Findings from these studies suggest that paediatric patients discharged on the basis of a negative
respiratory test may remain a potential source of viral transmission and indicate that further precautions
may need to be taken to avoid secondary infection during the convalescent phase. Third, several studies
reporting that children are more likely to be asymptomatic or mild symptomatic carriers of SARS-CoV-2
lead to the concern that children may transmit the virus to other groups covertly [2,3]. The possibility of
asymptomatic transmission of SARS-CoV-2 has been reported in adults by several studies [20, 21], while
studies specifically targeting the infectiousness of asymptomatic children are yet to be carried out. Future
studies aiming to understand children’s contribution to asymptomatic transmission of SARS-CoV-2 should
be given priority, as this will influence the balance of control measures for identification and isolation of
children and for tracing and quarantining close contacts.
Few studies have described SARS-CoV-2 transmission in schools. There are two studies that investigated
school outbreaks of COVID-19 [5,11] and one case report of an infected child attending school without
infecting other pupils or staff members [12]. Data from both virus and antibody testing suggest that there
is limited evidence to suggest significant spread among children and from children to adults. This is consistent with studies showing the majority of infected children are related to family-cluster outbreaks and
showing low rates of infection in children [3,23].
Understanding the proportion of SARS-CoV-2 infection in children will help to determine children’s
relative contribution to SARS-CoV-2 transmission in the community. Based on the infection rates reported from Iceland, Italy, South Korea, Netherlands, and US [13-17], it seems increasingly likely that
there are comparatively fewer children with COVID-19 in the community, particularly younger children
under the age of 10. Data from these studies confirm that the percentage of children among the confirmed COVID-19 patients is small, varying from 1% in young children up to 6% in older children. It
should be noted that these studies are limited by the small numbers of children tested and the potential of biased non-random sampling. Better seroprevalence studies are therefore needed to understand
whether infection rates in the community are truly lower among children. The reason why COVID-19
seems to affect children less often and less severely than adults is not yet fully understood, but it could
be partially explained by the relatively fewer opportunities for children to expose themselves to people beyond family members and school mates. Given the relatively small proportion of infections and
lower chance of exposure, children are unlikely to have been significant drivers of the epidemic so far,
and there is not any evidence yet to indicate they are at higher risk of causing super-spreading events
in the community.
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There is insufficient evidence to robustly answer the key study question. The absence of conclusive evidence on children’s role in transmission increases the uncertainty in relation to policy decisions on school
closures and re-openings. During the COVID-19 pandemic, many countries have taken precautionary
measures by closing schools to slow transmission among children. As the rate of infection subsides in
some areas, some countries have started re-opening schools, and this further highlights the urgency of
obtaining robust data on transmission in children and monitoring the impact re-opening schools have
on country-level epidemics. A phased re-introduction of face-to-face learning in schools has started in
Taiwan (February), Denmark (April), Norway (April), China (May), France (May) and Germany (May).
We are committed to reviewing the literature on this topic regularly as new data emerge and to re-evaluate the conclusions of this review given the rapid pace of ongoing research on COVID-19. These updates
will be available online (https://www.ed.ac.uk/usher/uncover).
Children are less likely to suffer severe and critical COVID-19 disease than adults [24], however, a
new paediatric multisystem inflammatory syndrome associated with SARS-CoV-2 epidemic has recently been identified in the UK, the US, France, Italy, Spain and Switzerland. A small number of children
with diagnosed COVID-19 developed a significant systemic inflammatory response with a higher rate
of cardiac involvement, caused by a severe form of Kawasaki-like disease [25]. This condition could
be fatal and requires prompt and aggressive medical interventions. This has triggered the release of
a new guidance from the Royal College of Paediatrics and Child Health [26]. Research on this topic
is currently ongoing (DIAMONDS, ISARIC) and a new study from the British Paediatric Surveillance
Unit will be launching soon.
This rapid review has a number of limitations. Despite experienced reviewers undertaking searches,
screening and data extraction, due to the tight deadline the literature review and data extraction were
done by one person per article so it is possible that some key articles may have been missed. We have not
performed quality assessment for the included studies, so this may have biased the results. Many of the
included studies are pre-print publications or reports and therefore not peer-reviewed. This review should
not replace individual clinical judgement and the sources cited should be checked. The views expressed
represent those of the authors and are not a substitute for professional medical advice.

CONCLUSIONS
There is very limited evidence on paediatric cases acting as a source of infection, which highlights the
importance of obtaining robust data on transmission dynamics in children in future studies. Preliminary
results from large targeted, population and school studies suggest that children may be less likely to be
infected or infect others. Further seroprevalence studies (powered adequately for the paediatric population), are urgently required to establish whether children are in fact less likely to be infected compared to
adults. Faeco-oral transmission appears to pose a higher risk of onward transmission in infected children
compared to adults, given the longer faecal shedding time observed in several studies. This may have
substantial implications for community spread in day-care centres, schools, and homes and the need for
a high level of basic hygiene measures in these settings to limit spread.

Acknowledgements: UNCOVER (Usher Network for COVID-19 Evidence Reviews) authors that contributed
to this review are: Prof Harry Campbell, Dr Ruth McQuillan, Prof Harish Nair, Ms Emilie McSwiggan, Prof Gerry
Fowkes. https://www.ed.ac.uk/usher/uncover.
Funding: ET is supported by a Cancer Research UK Career Development Fellowship (C31250/A22804). AK is supported by a Wellcome Trust Clinical PhD Programme Fellowship with grant reference: 203919/Z/16/Z.
Authorship contributions: The UNCOVER group conceived this study. XL, WX, MD, YH and AK conducted literature review. XL and WX wrote the draft of the paper with input from all co-authors. ET and HC provided important guidance on carrying out this study. All authors have read and approved the final manuscript as submitted.
Competing interests: Prof Harry Campbell is Co-Editor-in-Chief of the Journal of Global Health. To ensure that any
possible conflict of interest relevant to the journal has been addressed, this article was reviewed according to best
practice guidelines of international editorial organisations. The authors completed the ICMJE Unified Competing
Interest form (available upon request from the corresponding author), and declare no further conflicts of interest.
Additional material
Online Supplementary Document

www.jogh.org

• doi: 10.7189/jogh.10.011101

9

June 2020 • Vol. 10 No. 1 • 011101

RESEARCH THEME 7: RAPID REVIEWS
VIEWPOINTS
OF COVID-19 EVIDENCE

Children and transmission of SARS-CoV-2

REFERENCES

OF COVID-19 EVIDENCE

RESEARCH THEME 7: RAPID REVIEWS
VIEWPOINTS

Li et al.

1 Cruz AT, Zeichner S. COVID-19 in children: Initial characterization of the pediatric disease. Pediatrics. 2020;145:e20200834.
Medline:32179659 doi:10.1542/peds.2020-0834
2 Qiu H, Wu J, Hong L, Luo Y, Song Q, Chen D. Clinical and epidemiological features of 36 children with coronavirus
disease 2019 (COVID-19) in Zhejiang, China: an observational cohort study. Lancet Infect Dis. 2020;20:689-96. Medline:32220650 doi:10.1016/S1473-3099(20)30198-5
3 Dong Y, Mo X, Hu Y, Qi X, Jiang F, Jiang Z, et al. Epidemiology of COVID-19 Among Children in China. Pediatrics.
2020;145:e20200702. Medline:32179660 doi:10.1542/peds.2020-0702
4 Cai J, Xu J, Lin D, Yang Z, Xu L, Qu Z, Zhang Y, et al. A Case Series of children with 2019 novel coronavirus infection:
clinical and epidemiological features. Clin Infect Dis. 2020;ciaa198. Medline:32112072 doi:10.1093/cid/ciaa198
5 National Centre for Immunisation Research and Surveillance (NCIRS). COVID-19 in schools – the experience in NSW.
Available: http://ncirs.org.au/sites/default/files/2020-04/NCIRS%20NSW%20Schools%20COVID_Summary_FINAL%20
public_26%20April%202020.pdf. Accessed: 26 April 2020.
6 Yung CF, Kam K, Wong M, Maiwald M, Tan Y, Tan B, et al. Environment and Personal Protective Equipment Tests for
SARS-CoV-2 in the Isolation Room of an Infant With Infection. Ann Intern Med. 2020; M20-0942. Medline:32236490
doi:10.7326/M20-0942
7X
 u Y, Li X, Zhu B, Liang H, Fang C, Gong Y, et al. Characteristics of pediatric SARS-CoV-2 infection and potential evidence for persistent fecal viral shedding. Nat Med. 2020;26:502-5. Medline:32284613 doi:10.1038/s41591-020-0817-4
8 Ma X, Su L, Zhang Y, Zhang X, Gai Z, Zhang Z. Do children need a longer time to shed SARS-CoV-2 in stool than adults?
J Microbiol Immunol Infect. 2020;53:373-6. Medline:32224116 doi:10.1016/j.jmii.2020.03.010
9 Xing YH, Ni W, Wu Q, Li W, Li G, Wang W, et al. Prolonged viral shedding in feces of pediatric patients with coronavirus disease 2019. J Microbiol Immunol Infect. 2020;53:473-80. Medline:32276848 doi:10.1016/j.jmii.2020.03.021
10 T
 erry C, Barbara M, Talitha V, Marta Z, Jorg H, Angela S, et al. An analysis of SARS-CoV-2 viral load by patient age.
Available: https://zoonosen.charite.de/fileadmin/user_upload/microsites/m_cc05/virologie-ccm/dateien_upload/Weitere_Dateien/analysis-of-SARS-CoV-2-viral-load-by-patient-age.pdf. Accessed: 6 May 2020.
11 Fontanet A, Tondeur L, Madec Y, Grant R, Besombes C, Jolly N, et al. Cluster of COVID-19 in northern France: A retrospective closed cohort study. medRxiv. 2020. Available: https://www.medrxiv.org/content/10.1101/2020.04.18.2007
1134v1?versioned=TRUE. Accessed: 5 May 2020.
12 D
 anis K, Epaulard O, Bénet T, Gaymard A, Campoy S, Botelho-Nevers E, et al. Cluster of Coronavirus Disease 2019
(COVID-19) in the French Alps, February 2020. Clin Infect Dis. 2020;ciaa424. doi:10.1093/cid/ciaa424
13 Gudbjartsson DF, Helgason A, Jonsson H, Magnusson O, Melsted P, Norddahl G, et al. Spread of SARS-CoV-2 in the Icelandic Population. N Engl J Med. 2020;382:2302-15. Medline:32289214 doi:10.1056/NEJMoa2006100
14 Lavezzo E, Franchin E, Ciavarella C, Cuomo-Dannenburg G, Barzon L, Del Vecchio C, et al. Suppression of COVID-19
outbreak in the municipality of Vo, Italy. medRxiv. 2020. Available: https://www.medrxiv.org/content/10.1101/2020.04
.17.20053157v1?versioned=TRUE. Accessed: 5 May 2020.
15 COVID-19 National Emergency Response Center, Epidemiology and Case Management Team, Korea Centers for Disease
Control and Prevention. Coronavirus Disease-19: The First 7,755 Cases in the Republic of Korea. Osong Public Health
Res Perspect. 2020;11:85-90. Medline:32257774 doi:10.24171/j.phrp.2020.11.2.05
16 National Institute for Public Health and Environment. Children and COVID-19. Available: https://www.rivm.nl/en/novel-coronavirus-covid-19/children-and-covid-19. Accessed: 5 May 2020.
17 Bendavid E, Mulaney B, Sood N, Shah S, Ling E, Bromley-Dulfano R, et al. COVID-19 Antibody Seroprevalence in Santa Clara County, California. medRxiv. 2020. Available: https://www.medrxiv.org/content/10.1101/2020.04.14.2006246
3v2?versioned=TRUE. Accessed: 5 May 2020.
18 Docherty A, Harrison E, Green C, Hardwick H, Pius R, Norman L, et al. Features of 16,749 hospitalised UK patients with
COVID-19 using the ISARIC WHO Clinical Characterisation Protocol. medRxiv. 2020. Available: https://www.medrxiv.
org/content/10.1101/2020.04.23.20076042v1?versioned=TRUE. Accessed: 5 May 2020.
19 Is SARS-CoV-2 viral load lower in young children than adults? Available: https://medium.com/@d_spiegel/is-sars-cov2-viral-load-lower-in-young-children-than-adults-8b4116d28353. Accessed: 26 May 2020.
20 Kimball A, Hatfield K, Arons M, James A, Taylor J, Spicer K, et al. Asymptomatic 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;69:377-81. Medline:32240128 doi:10.15585/mmwr.mm6913e1
21 Wei WE, Li Z, Chiew C, Yong S, Toh M, Lee V. Presymptomatic Transmission of SARS-CoV-2 — Singapore, January 23–
March 16, 2020. MMWR Morb Mortal Wkly Rep. 2020;69:411-5. Medline:32271722 doi:10.15585/mmwr.mm6914e1
22 Swiss National COVID-19 Science Task Force. Policy Briefs. Available: https://ncs-tf.ch/en/policy-briefs. Accessed: 5
May 2020.
23 W
 ang Y, Wang X, Yang Y, Liu Y, Liu L. Epidemiological and clinical characteristics analysis of 30 childhood cases with
2019 novel coronavirus infection in Shenzhen. Chin J Inf Dis. 2020.
24 L
 udvigsson JF. Systematic review of COVID-19 in children shows milder cases and a better prognosis than adults. Acta
Paediatr. 2020;109:1088-95. Medline:32202343 doi:10.1111/apa.15270
25 Verdoni L, Mazza A, Gervasoni A, Martelli L, Ruggeri M, Ciuffreda M, et al. An outbreak of severe Kawasaki-like disease
at the Italian epicentre of the SARS-CoV-2 epidemic: an observational cohort study. Lancet. 2020;395:1771-8. Medline:32410760 doi:10.1016/S0140-6736(20)31103-X
26 Royal College of Paediatrics and Child Health. Guidance: Paediatric multisystem inflammatory syndrome temporally
associated with COVID-19. Available: https://www.rcpch.ac.uk/sites/default/files/2020-05/COVID-19-Paediatric-multisystem-%20inflammatory%20syndrome-20200501.pdf. Accessed: 5 May 2020.

June 2020 • Vol. 10 No. 1 • 011101

10

www.jogh.org

• doi: 10.7189/jogh.10.011101

