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Background: Understanding carriage and transmission potential of SARS-
CoV-2 in children is of paramount importance to understand the spread of
virus in school and community settings.

Methods: We performed an updated rapid review to investigate the role of
children in the transmission of SARS-CoV-2. We synthesized evidence for five
categories and results are reported narratively.

Results: A total of 33 new studies were included for this review. We did not
identify additional studies that reported documented cases of SARS-CoV-2
transmission by children. We identified 15 new studies that demonstrate
children’s susceptibility and transmission risk of SARS-CoV-2 with evidence
provided on the chance of being index or secondary cases, the potential of
faecal-oral transmission, and the possibility of asymptomatic transmission.
There is little data on the transmission of SARS-CoV-2 in schools. There were
three studies reporting COVID-19 school outbreaks in France (Oise), Austra-
lia (New South Wales) and Israel. The remaining four studies found that all
reported cases did not infect any other pupils or staff. With data from seven
studies and governmental websites, the proportion of children among all con-
firmed COVID-19 patients was estimated for 29 countries, varying from 0.3%
(lowest in Spain) up to 13.8% (highest in Argentina). Lastly, we identified
seven studies reporting on PIMS-TS linked to COVID-19 among paediatric
patients.

Conclusions: There is somewhat limited evidence available for quantifying
the extent to which children may contribute to overall transmission, but the
balance of evidence so far suggests that children and schools play only a limit-

ed role in overall transmission.

The outbreak of coronavirus disease 2019 (COVID-19), caused by the infection
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swered. Understanding this issue is vital to inform decisions about re-opening schools/childcare facilities,
which could have strong implications for children’s physical well-being, mental health and learning [2].

Our early rapid review of transmission in children identified several relevant studies and provided useful
but limited information on susceptibility and transmission in children. We have now updated our rap-
id review and included large seroprevalence surveys, national or municipal population screening studies
and tracing studies on school-based clusters of transmission. We aim to keep updating the rapid review
to include new studies as they become available and to re-evaluate the conclusions given the rapid pace
of ongoing research on COVID-19.

METHODS

Literature search and eligibility criteria

We searched PubMed, medRxiv and the WHO COVID-19 database on 21 June 2020 with entry date
limits from late 2019 (please see search strategies in Appendix S1 of the Online Supplementary Docu-
ment), to identify studies that investigated transmission of SARS-CoV-2 in children or in schools. We re-
viewed titles, abstracts, and subsequently full texts to identify eligible articles based on a set of 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 in-
fected by SARS-CoV-2 and the presence of PIMS-TS. We also included data on COVID-19 statistics from
governmental websites or reports. 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 five review-
ers (XL, WX, YH, AK, ZL) and checked by a senior epidemiologist (ET). We synthesized evidence the-
matically and reported results narratively.

RESULTS

The initial search retrieved 2034 titles of articles. After screening, 33 new studies were eligible for inclu-
sion since our last search on 30 April 2020 (Figure 1). Findings for the previously included studies have
been summarised in our early rapid review [3]. For this update, we did not identify additional studies
that reported documented cases of SARS-CoV-2 transmission by children; we identified 15 new studies
presenting indirect evidence on the potential of child transmission [2,4-17], four new studies exploring
school/d-care outbreaks or tracing close contacts of SARS-CoV-2 transmission in school settings [18-21],
and seven studies reporting on PIMS-TS [22-28]. We also found seven new studies [9,29-34] and ob-
tained data from governmental websites for 29 countries that provided estimation on the proportions of
children infected by SARS-CoV-2.
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Studies for title, abstract and full-text screening
(PubMed, medRxiv, WHO COVID-19 database: n=2034)

Studies excluded (n=1985)

Reasons: studies were excluded ifthey didnot
report any information on COVID-19
transmission by children

Studies included in our previous

review (n=16)

New studies included in narrative synthesis (n=33)
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[ Included ] [ Eligibility ] [ Screening ] [Identiﬁcatiun]

Potential of COVID-19 COVID-19 transmission Proportion of children Inflammatory multisystem
transmission by children in school settings infected by COVID-19 syndrome linked to COVID-
(n=15) (n=4) (n=7) 19 (n=7)

Figure 1. Flowchart summarizing study identification and selection.

any other pupils or staff [36,43,44]. 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. Overall, 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.

Susceptibility and transmission risk of SARS-CoV-2 in children

From this update, we identified 15 new studies that demonstrated the children’s susceptibility and trans-
mission risk of SARS-CoV-2 with evidence provided on the chance of being index and secondary cases,
the potential of faeco-oral transmission, and the possibility of asymptomatic transmission.

Contact-tracing studies suggested that children were not likely to be the index case in households and
children contacts were less likely to be secondary cases than adult contacts. A collection of international
family clusters found that children were the index case in only 3 (10%) of 31 individual cluster studies
[4]. Data from Guangzhou have supported this, reporting an even lower rate (5%) of children as index
cases in households [5]. A family-based study involving 239 participants from 185 housemates in the
Netherlands found no indications in any of the family clusters that a child was the source of COVID-19
transmission [6]. There are at least 8 studies suggesting a lower secondary attack rate for children than
their adult counterparts [5,7-13]. Meta-analysis of these studies showed that the pooled odds ratio (OR)
of a child being an infected contact was 0.44 (95% confidence interval (CD)=0.29-0.69), suggesting dif-
ferential susceptibility between children and adults [14].

Persistent shedding of SARS-CoV-2 in stools of infected children, which raised the concern of faeco-oral
transmission, is supported by a new study. Hua et al conducted a retrospective multi-centre study, and
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tomatic children are unlikely to be hospitalised or tested. In any case, it is thought that presymptomatic
transmission plays a role in the overall spread of COVID-19 [15,37].

A hospital-based study in South Korea examined the viral load of 12 infected children and demonstrated
that symptomatic children had higher initial viral load in nasopharyngeal swab specimens than asymp-
tomatic children, but found no differences in faeces or saliva specimens [16]. Additionally, another study
of 35 paediatric patients reported that the median SARS CoV-2 viral load was higher in symptomatic than
asymptomatic paediatric patients, and patients <5 years had higher viral loads and were more likely to be
symptomatic than patients =5 years old [17].

SARS-CoV-2 transmission in school settings

Four new studies on SARS-CoV-2 transmission in school settings were identified. A cross-sectional study
in Belgium examined the transmission risk of SARS-CoV-2 in day-care settings. They randomly sampled
84 children who were attending day-care after the outbreak of COVID-19, and found no asymptomat-
ic carriage of SARS-CoV-2 among young children [18]. Another school-based tracing study in Ireland
examined all reported paediatric cases of COVID-19 attending school during the pre-symptomatic and
symptomatic periods of infection (n=3) and did not identify any cases of onward transmission to other
children or adults within the school and a variety of other settings [19]. Nationwide surveillance in Sin-
gapore identified two SARS-CoV-2 positive students who attended their respective schools on the first
day of their symptoms before subsequently being diagnosed with COVID-19 [20]. Screening of students
and staff who were close contacts did not detect any SARS-CoV-2 infection. Reports from 25 municipal
public health services (GGDs) in the Netherlands found no possible COVID-19 clusters that had a link to
schools or childcare facilities before the schools closed on 16 March. After reopening the primary schools
and childcare facilities, a few infections among employees at schools were reported (up to early June) by
GGDs, but children in school settings were not found to be the index cases. Although most countries did
not observe a significant increase in COVID-19 cases alter schools reopened, cases in Israel more than
doubled within 50 days after schools opened. The increase in cases has largely been associated with chil-
dren between the ages of 10-19 years [21]. This should be interpreted with caution as other factors (eg,
general reopening of other aspects of society) may have also contributed and the rise in cases is unlikely
to be solely due to schools reopening given that it is a temporal association.

Proportions of children infected by SARS-CoV-2

The very large Spanish ENE-COVID seroprevalence survey (n=61075) conducted between 27/04/2020-
11/05/2020 found lower seroprevalence in children (n=6527) [45]. Specifically, the seroprevalence of
COVID-19 was estimated to be 3.1% (95% Cl=2.2%-4.2%) in children aged 5-9 years, 4.0% (95%
CI=3.1%-5.0%) in those aged 10-14 years, and 3.7% (95% CI=2.9%-4.8%) for those aged 15-19 years,
comparing with a seroprevalence estimate of 5.0% (95% CI=4.7%-5.4%) in overall population. Anoth-
er large seroprevalence survey in Sweden (conducted by the end of April) found that 4.9% of those aged
0-19 tested positive for SARS-CoV-2 antibodies, compared to 6.7% of those aged 20-64 [46].

International research confirms that the percentage of children among the confirmed COVID-19 patients
is low. A study analysed the global COVID-19 prevalence for 23 countries with data available for paediat-
ric cases [47]. It was reported that about 1.9% (8113 out of 424 978) of confirmed COVID-19 cases were
children; the admission rate was 3.9% and the ICU admission rate was 0.3% among paediatric patients.
Another study examined age-specific COVID-19 data which had been collated from official government
sources for seven countries (USA, UK, Italy, Germany, Spain, France and Korea) [48]. A total of 42864
confirmed paediatric cases (0-19 years) were reported in these seven countries up to 19/05/2020, and
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Figure 2. The proportion of children among the conlirmed COVID-19 patients (data available for 29 countries).

toxic shock syndrome. This is rare but with common characteristics that have been observed during the
COVID-19 pandemic reported from different cohorts [22-27]. A retrospective, observational study per-
formed at 4 academic tertiary care centres in Paris reported a case series of acute myocarditis and major
systemic inflammation following SARS-CoV-2 infection in 20 critically ill children [28]. The Royal Col-
lege of Paediatrics and Child Health estimated that there were approximately 200 cases of PIMS-TS asso-
ciated with SARS-CoV-2 in the UK among children under 18 years by early June. In spite of the severity
of PIMS-TS, there was one death in the cohort of 58 cases in an Imperial College study [25].

DISCUSSION

This updated rapid evidence review summarises the most recently available evidence to understand the
role of children in SARS-CoV-2 transmission. There is a lack of direct evidence on the dynamics of child
transmission, however the evidence to date suggests that children are unlikely to be major transmitters
of SARS-CoV-2.

Direct evidence showing children as a source of transmission is scarce and largely based on small studies
or studies investigating few paediatric cases. We did not identify more studies that reported documented
cases of SARS-CoV-2 transmission by children. The original two studies included in our last rapid review
[3] indicated that children can transmit COVID-19 to other children or adults [35,36], however, these
studies have a high degree of uncertainty because of the difficulty in tracking transmission chains. From
this update, we included studies that demonstrated the children’s susceptibility and transmission risk of
SARS-CoV-2 with providing evidence on the chance of being index and secondary cases, the potential of
faeco-oral transmission, and the possibility of asymptomatic transmission.

By synthesizing preliminary evidence in this update, our study shows that children have lower suscep-
tibility for SARS-CoV-2 infection. A meta-analysis of eight studies reporting an OR for secondary attack
ratios of children (vs adults) indicated that children were perhaps 50% less susceptible to infection than
adults (odds ratio (OR)=0.44, 95% CI: 0.29-0.69), with substantial heterogeneity [14]. Of them, six
studies found a significant difference in the secondary attack risk between children and adults [7,9-13],
while two studies in China, of Bi et al and Jing et al [5,8], found no significant difference, reporting an
OR AfO OO0 (O059% (T=057_1 57) arnd O57 (O59% CT=0230-1 11) Tn cnite ~nf the heteranoeneity hetfwesn
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The persistent shedding of SARS-CoV-2 in stools of infected children were continually reported by new
studies, which is in accordance with our findings from three studies in our last update, showing that
SARS-CoV-2 may be present in the gastrointestinal tract for a longer duration than viral presence in the
respiratory system [39-41]. Therefore, much attention has been focused on the possibility of faeco-oral
transmission. However, there has not been any documentation of any subsequent infection in family
contacts of faecal viral excreting children [15]. The relative infectiousness and viral load of children vs
adults is still uncertain. Available evidence showed that young children (<10 years old) had statistically
significant lower viral load than adults [49], and symptomatic children had higher initial viral load in na-
sopharyngeal swab specimens than asymptomatic children [16,17]. The findings corroborated the prior
studies demonstrating correlation between viral load and disease severity in younger children [42,49]. Tt
is hypothesized that children with a lower viral load may release fewer infectious particles into the sur-
rounding environment and are thus less infectious to others.

There are very few data sets available on school specific transmission. Although a few outbreaks have
been observed in schools, eg, in France (Oise), Australia (New South Wales) and Israel, it is not certain
whether the source was from children or adults [21,43] (for more transmission contact-tracing details
please see our last rapid review). The new data from Ireland, Belgium, Singapore and the Netherlands
shows that the extent of any student-to-student or student-to-teacher/school staff spread is still limited
[18-20]. We cannot rule out the possibility that the small number of school outbreaks reported is due to
the early school closure in many countries during the epidemic. As many countries have started re-open-
ing schools, monitoring school re-opening and assessing the number of new COVID-19 cases related to
schools may give some insight into whether school settings have any impact on the number of COVID-19
infections at a national level.

Some countries (Iceland, Italy, South Korea, Netherlands, and US) have implemented seroprevalence sur-
veys. Data from these countries 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 [3]. In addition, we iden-
tified two new surveys from Spain and Sweden [45,46]. Both countries found children were significantly
underrepresented. The seroprevalence of COVID-19 was reported to be 3%-4% of children tested, com-
paring to 5.0% in overall population, and the corresponding figure in Sweden was 4.9%, compared to
6.7% of those aged 20-64 years adults. Although the Spanish seroprevalence survey tested a large num-
ber of individuals (n=61075), the number of children tested (n=6275) was in a relatively small {raction,
and was less than the overall children population in Spain (18%-20%). This likely reflects lower recruit-
ment of children and may be a source of bias. It is possible that biases in population selection for testing
or false-negative swabs due to the difficulty in obtaining a sample in children may contribute to these
findings. Overall, we should interpret these seroprevalence studies carefully because they are limited by
the small numbers of children tested and the potential of biased non-random sampling. The significantly
lower seroprevalence in children does point to a comparatively low secondary attack-rate for household
contacts where the secondary case is a child as mentioned above.

Beyond the seroprevalence, we also estimated the percentage of children among the confirmed COVID-19
patients based on data from governmental websites and publications. Data for 29 countries shows a sub-
stantial varying range (0.3%-13.8%) of proportion of paediatric patients. Although we have tried to find
the most recent and comprehensive data for as many countries as possible, data for paediatric patients are
not always available for most countries, or have not been recently updated on their governmental web-
sites. We supplemented the governmental data by extracting relevant information from the publications,
however, some of them are now out of date at the time of writing. We need to acknowledge that the re-
ported figures may change along with progress of the pandemic in reported countries.
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