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1  |  INTRODUC TION

Children infected with SARS- CoV- 2 tend to have milder disease 
and a very good prognosis.1– 3 Most reports regarding children are 
based on hospital settings4 rather than the ambulatory setting. At 
the beginning of the pandemic, many children with COVID- 19 were 
infected as part of a family cluster with the disease.5,6 As the disease 

spread globally and data accumulated, the issue regarding the extent 
of the children's contribution to COVID- 19 transmission remained 
controversial.7,8

Israel, like many other countries, closed all its educational facil-
ities on March 13th as a mitigation measure. Following on from the 
closure, Israel is one of the few countries that had re- opened its ed-
ucational facilities quickly, beginning on May 3rd until May 17th, by 
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Abstract
Aim: The effect of reopening schools on children's contribution to SARS- CoV- 2 trans-
mission, especially within households, remains controversial. This study describes the 
clinical presentation of a large ambulatory COVID- 19 paediatric cohort and evaluates 
the role of children in household transmission prior to and following school reopening.
Methods: A retrospective database cohort study was conducted in a large Health 
Maintenance Organization in Israel. Data of all paediatric, laboratory- confirmed 
Coronavirus cases between 28/2/2020 and 20/6/2020 were extracted. All cases 
were analysed for household contacts and primary cases within each family cluster.
Results: A total of 1,032 cases under 18 years old (median age 12 years) were in-
cluded. Of these cases, 432 (41.9%) were asymptomatic; 122 (11.8%) cases acquired 
the infection at school, and 45 of them were part of two school clusters; 846 children 
had at least one positive household contact, in 498 family clusters, and among them, 
293 primary cases were identified. Only 27 (9.2%) primary cases were under 18 years 
of age and six (2%) were below 10. The proportion of primary cases did not change 
after the re- opening of educational facilities.
Conclusion: Children, particularly under 10 years of age, are less likely to be the vec-
tor for SARS- CoV- 2 infection within household settings. Opening educational facili-
ties did not change transmission dynamics.
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which time all facilities were opened nationally, simultaneously to-
gether with the opening of most of the economy. The Israeli ministry 
of health required all educational facilities to comply with hygiene, 
social distancing regulations and learning in small group capsules (15 
students), in separate classrooms. In addition, children were required 
to hand in a daily health statement signed by a parent. Facemasks 
were required during class for students from fourth grade and 
above, and out of class for all the students from the first grade. High 
schools (7th– 12th grade) were closed due to summer break from June 
20th, and elementary school from July 1st. A major concern was that 
children will contract COVID- 19 infection within the school set-
tings and transmit it to family members, thus, exposing adults who 
are at higher risk of developing severe disease. A second wave of 
COVID- 19 occurred around the middle of June, and raised the ques-
tion as to the possible effect of school openings on infection rates of 
children and their families.

The aims of this study were to describe the clinical presentation 
of a large ambulatory COVID- 19 paediatric cohort, to estimate the 
risk of exposure to COVID- 19 in the school setting and to determine 
the role of children in the household transmission of COVID- 19 be-
fore and after school reopening.

2  |  MATERIAL S AND METHODS

We conducted a retrospective cohort study using data from a single 
healthcare provider.

Data sources were the extensive central databases of Maccabi 
Healthcare Services (MHS). MHS is the second- largest not- for- 
profit, sick fund in Israel, which serves over 2.6 million (27%) Israeli 
citizens. Membership in sick funds is compulsory in Israel, and by 
the National Health Insurance Law of 1994, all citizens must freely 
choose one of four national sick funds that are prohibited by law 
from denying membership to any Israeli resident. Dataset included 
demographic and clinic data as well as laboratory data from a single 
central laboratory. The study population consisted of all MHS mem-
bers between the ages of 0– 18, laboratory- confirmed SARS- CoV- 2 
infected children, diagnosed between 2/28/2020– 6/20/2020.

Real- time reverse transcription- polymerase chain reaction test-
ing using both nasopharyngeal and throat swabs confirmed SARS- 
COV- 2 infection. Criteria for test performing were according to 
Israel's Ministry of Health (MoH)'s guidelines,9 based on a combina-
tion of symptoms suggestive of COVID- 19 as judged by physicians, a 
history of close contact with confirmed cases, or those who travelled 
abroad in the past 14 days. Asymptomatic cases were tested as part 
of positive case contact tracing in school and household settings.

Once a positive SARS- CoV- 2 test was identified, it was followed 
up by a central remote COVID- 19 centre until recovery and a formal 
discharge, according to the Israeli MoH's policy. A structured ad-
mission process was developed, which included required questions 
about symptoms, date of symptoms onset and duration of symp-
toms; the presumed source of infection— person, place and time of 

exposure; household size (number of people who usually live in the 
house) and household contacts.

Household contacts of SARS- CoV- 2 confirmed cases were put in 
quarantine and tested during the observation period, usually by the 
fifth day of exposure, according to the Israeli Ministry of Health's 
policy.9 Those who tested negative, were monitored for symptoms 
during quarantine, and were retested if they exhibited symptoms.

To estimate secondary infection rates by the age of infector and 
age of infectees, we defined a household contact as a person who 
lived in the household of a COVID- 19 confirmed patient. Family 
members were followed up for 2 weeks after the diagnosis. After 
identification of all households with more than one COVID- 19 pae-
diatric case, we determined a primary case within it. A primary case 
was considered the first person with a confirmed diagnosis of SARS- 
CoV- 2 infection in the household and as the presumed source of 
secondary infection within the household. We defined the date of 
‘infection onset’ for every household case as the date of develop-
ing the first symptom. For asymptomatic cases, we considered the 
date of test performance. The first SARS- CoV- 2 confirmed case in 
the household was labelled as the primary case only if the onset of 
infection was at least 3 days prior to other household contacts; oth-
erwise, the source of infection was presumed to be external. We 
evaluated the rate and proportion of index primary cases before and 
after the opening of the educational facilities.

Data collected included demographics, socio- economic, comor-
bidities (based on chronic diagnoses and relevant chronic medica-
tion purchase) and outcomes. Clinical symptoms and the source 
of infection were based on patients' and/or parents' self- reports. 
Children who did not develop any symptoms during the observation 
period were labelled as asymptomatic. Data were obtained from the 
electronic medical record and hospital discharge notes and were re-
viewed by one of the authors (SSBD).

Data were analysed using descriptive statistics and Student's t- 
test. A chi- square test of independence was performed to examine 
the relationship between age groups, and the independent variables. 
The local MHS ethics committee and institutional review board ap-
proved the study (approval number: 0023- 20MHS).

Key notes

• This study describes the clinical presentation of a large 
ambulatory COVID- 19 paediatric cohort in Israel and 
evaluates the role of children in household transmis-
sion prior to and following school reopening during 
February– June 2020.

• All cases were analysed for household contacts and pri-
mary cases within each family cluster.

• Children were less likely to be the source for SARS- 
CoV- 2 infection within households, while opening edu-
cational facilities did not change transmission dynamics.
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3  |  RESULTS

From February 28th until June 20th 762,707 children under the age of 
18 were insured in MHS, 31.7% of all MHS' members. 5,513 MHS pa-
tients (age range 0– 97 years) were identified as confirmed COVID- 19 
cases. Paediatric patients constituted 1032 cases aged 0– 18 years 
(18.7% of all cases) and were all included in this study. Their median 
age was 12 {IQR 7, 15} and 44 (4.2%) were infants under one year of 
age. 496 (48.1%) were females (Table 1) and 129 (12.5%) had a co-
morbidity: Obesity (body mass index 30 or above, 19,2.4%), asthma 
(18,1.7%), immunosuppression (6,0.6%), diabetes mellitus (2,0.2%), 
congenital heart disease (15,1.5%), coeliac (6,0.6%), psychiatric dis-
order (9,0.9%) and attention deficiency and hyperactive disorder 
(70,6.8%). Most children lived in the central district of Israel (Tel 
Aviv area, 575, 55.7%) and belonged to an Ultra- orthodox Jewish 
community (55.5%).

Four hundred and thirty- two(41.9%) cases were asymptomatic 
throughout the whole observation period. Among the symptomatic 
patients, fever of 38,0°C or above and cough were the most fre-
quent symptoms (207%, 34.5% and 185, 30.8% respectively), fol-
lowed by headache (102, 9.9%), taste and/ or smell disturbance (94, 
9.1%), sore throat (83, 8%), weakness (83, 8%), rhinorrhoea (65, 6.3%) 
myalgia (59, 5.7%) diarrhoea (47, 4.5%) and subjective shortness of 
breath (17, 1.6%). Patients reported a median duration of symptoms 
of three (IQR {1, 6}, n = 572) days prior to testing for SARS- COV- 2.

All cases had been monitored by the MHS' remote treatment 
centre during their isolation. Only 24 patients (2.3%) with a median 
age of 13 (IQR 8, 16), were admitted to the hospital. Reasons for 
admission included the need for quarantine at the beginning of the 
pandemic (6), psychosocial (4), fever (3), vomiting and dehydration 
(3), chest pain (3) dyspnoea (2), restlessness (2) and new- onset diabe-
tes (1). They were all stable, none of them needed ICU admission or 
respiratory support and none were treated with COVID- 19- targeted 
therapy or steroids. The median length of stay in the hospital was 
two (IQR 1, 7) days. All 1032 paediatric COVID- 19- positive cases 
were considered recovered according to the Israeli MoH recovery 
criteria.9 During the 2 months follow- up, none of the children re-
quired re- admission.

3.1  |  Epidemiology

The most common presumed source of SARS- CoV- 2 infection was 
contact with a confirmed COVID- 19 case (76.9%), followed by 
school exposure (11.8%), and an unknown source (8.4%). Among the 
794 children who acquired the infection by a confirmed case, 602 
(75%) were infected by a parent, 72 (9%) by a sibling, of which 50 
siblings were over the age of 17 years. Among the 122 patients who 
acquired the infection within the school setting: two were at day 
care (3– 35 months old), 12 in preschool (3– 6 years old), 47 were at 
elementary school (1st– 6th grade) and 61 were in high school (7th– 
12th grade). More than half of them (67, 54.9%) were asymptomatic 
and screened as part of contact tracing. Although most cases were 

sporadic from different areas and sectors in Israel, 45 cases were 
part of two clusters: A cluster of 29 students from an elementary 
school belonging to the Arab community in Jaffa in 3rd to 6th grades 
and a cluster of 16 students from a high school in Jerusalem in 7th– 
10th grades10 (Figure 1).

3.2  |  Potential for disease transmission in 
household settings

Ninety- five percentage of 1032 COVID- 19 paediatric cases' family 
members were screened for SARS- CoV- 2 as part of contact trac-
ing in a household setting. In this cohort, 846 children had at least 
one family member infected with SARS- CoV- 2, in 498 households. 
Among them, 293 primary cases were identified, 27 were children 
under the age of 18 years, and 266 were adults. In all, 452 children 
were identified as secondary cases within the household (Figure 2). 
The average additional SARS- CoV- 2 cases in family members follow-
ing the introduction of the infection by an adult was 2.86, compared 
to 1.77 by paediatric primary case. Only 6 (2%) primary cases were 
under the age of 10 years. The median number of SARS- CoV- 2 con-
firmed cases per household with a paediatric case was 4 (IQR 2, 5). 
192 (18.6%) children did not have an additional positive SARS- CoV- 2 
case within their household 48 of them were under 10 years of age. 
With the educational facilities opening since May 3rd, the rate of 
paediatric primary cases did not increase, and their proportion did 
not change statistically significantly (8.7% before and 11.1% after, 
p = 0.557). Of the 122 children who acquired the infection within 
the school setting, six (5%) resulted in secondary cases in the house-
holds of the school exposed, two from elementary school and four 
from high school.

4  |  DISCUSSION

We present findings from a large ambulatory paediatric COVID- 19 
patient cohort, throughout the first wave of the COVID- 19 pan-
demic in Israel and the beginning of the second. All children in our 
cohort recovered with no complications during the isolation period 
and 2 months thereafter. The presumed source of infection for the 
majority of our paediatric cases was close contact with another 
COVID- 19 case, usually a parent.

Understanding the proportion of children infected with SARS- 
CoV- 2 is important for evaluating their part in the spread of the 
epidemic in the community. The proportion of paediatric cases in 
our study is higher than reported in other studies.11,12 One possi-
ble reason for this high proportion is the overall higher proportion 
of children in the Israeli population than in other developed coun-
tries.13 Other main reasons are the high rate of infection in the 
ultra- Orthodox community, which is characterised by younger and 
larger families who share dense living conditions, and also the higher 
rate of asymptomatic paediatric cases— 41.9% in this cohort.3,14,15 
As contact tracing in household and school settings was performed 
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in Israel,9,10 a high percentage of asymptomatic or presymptomatic- 
infected children was found. This finding is in line with the study 
by Poline J et al. which reported up to 45% of children who were 
screened when admitted to hospital were asymptomatic.16 The high 
proportion of asymptomatic cases is particularly important because 
it may reflect more realistically the paediatric SARS- CoV- 2 con-
firmed cases’ clinical characteristics.

Most of the children in this cohort live in a large household and 
belong to the ultra- orthodox Jews community, which has a much 
higher SARS- CoV- 2 infection rate than their proportion in the gen-
eral Israeli population.17 Previous data have revealed that children 

from ethnic minorities appear to be disproportionately affected.18 
Reasons for the high incidence of COVID- 19 in this community may 
be due to dense living conditions in self- segregated populations and 
the difficulty to keep proper quarantine conditions; a large number 
of contacts needing to be traced for every case; limited communi-
cation with authorities on Shabbat and Jewish holidays which may 
delay the SARS- CoV- 2 test performance and thus, the delay required 
isolation.

Households are major platforms for SARS- CoV- 2 transmis-
sion.19 An Israeli report regarding the same time period and sim-
ilar population of Ultra- Orthodox Jews found a lower rate of child 

F I G U R E  1  Epidemic curve of children Infected with SARS- CoV- 2 at school settings. School settings— Day care (3– 35 months old, n = 2), 
Preschool (3– 6 years old, n = 12), Elementary school (1st– 6th grade, n = 47), High school (7th– 12th grade, n = 61). May 3rd— The date of school 
settings gradual reopening
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infectivity with SARS- CoV- 2 compared with adults residing in the 
same households.20 We explored the transmission potential of chil-
dren within households by tracing primary cases in the paediat-
ric cases' households21. The minority of paediatric primary cases 
in our large ambulatory cohort supports the concept that children 
are less often the drive to family transmissions of SARS-  CoV- 2. 
The low ratio of paediatric primary cases, particularly of children 
under 10 years of age, is in correlation with a study from Posfay- 
Barbe KM et al. that demonstrated that children are usually not 
the initial case in most households.22 Another supportive finding 
for the conclusion that younger children are less infectious than 
adolescents is the fact that 48 children, under ten years of age, did 
not have a household contact infected, despite the limited ability to 
maintain isolation in this age group. Furthermore, our results show 
that within the household, an adult primary case will infect more 
members of the family than a child primary case, at a ratio of 1:1.6.

As schools reopened in May, a major concern was the role of 
school settings in COVID- 19 transmission. In our study, 11.8% of the 
paediatric population acquired the infection at a school setting, of 
which, two- thirds were from different schools and areas and a third 
were part of two clusters.10 Our findings demonstrate that school 
transmission is possible but, usually in a sporadic manner, rather 
than in a systemic way and outbreaks are usually the exception.23 
This is in line with previous reports describing the super- spreading 
characteristics of SARS- COV- 2, whereby the minority of infected 
individuals spreads the virus onwards, thus representing inhomo-
geneous spreading.24 The most susceptible group for acquired 
transmission at school is the adolescent group. Hence, this finding 
might reduce reluctance to opening schools for younger children, 
and instead consider differential solutions for different age groups. 
As more than 50% of cases who acquired the infection at school 

were asymptomatic, reducing the burden of unrecognised asymp-
tomatic viral spreaders by contact tracing25 and putting in quaran-
tine school contacts is crucial in order to stop potential COVID- 19 
dissemination.

The impact of reopening educational facilities on household 
transmission and the community is still controversial. Somekh 
et al. found a gradually increased incidence of SARS- CoV- 2 in-
fections following school reopening in Israel between March and 
July 2020, especially in adults compared to children.26 Another 
study from Utah demonstrated transmission from 12 young chil-
dren who acquired the infection in child care settings to some of 
their household members,27 whereas a study from Paris found 
that day care is not major foci for viral transmission.28 In our re-
search, which included 2 weeks follow- up for every case, the sec-
ondary household transmission of SARS- CoV- 2 among children 
who acquired the infection within the school setting occurred in 
only six (5%) cases. When evaluating the transmission dynamics 
within families before and after the re- opening of educational fa-
cilities, the proportion of paediatric primary cases did not change 
significantly. Hence, we suggest that re- opening educational fa-
cilities, did not play a significant part in the evolving pandemic 
in household settings. Proper Infection control measures includ-
ing personal hygiene, wearing a mask, social distancing and also 
proper ventilation29,30 as well as contact tracing and quarantine 
of all school and household contacts would probably minimise the 
possibility of viral spread within educational facilities.

Our study has several limitations. First, we present observational 
data from a large community database, which was partly based on 
telephone reports from the patients. Therefore, the information re-
lies on patient perception for the presumed source of infection, and 
cannot be completely validated.

Age
0– 9years
N = 365

10– 18years
N = 667

0– 18years
N = 1032

Sex- Female n (%) 191 (52.3) 306 (45.8) 496 (48.1)

Socio- economic status n (%) n = 1029a 

1– 3 125 (34.2) 230 (34.5) 355 34.4)

4– 6 169 (46.3) 333 (50) 502 (48.6)

7– 10 68 (18.6) 104 (15.5) 172 (16.6)

Households members per family n (%)n = 830b 

5 or less 140 (44.9) 129 (24.9) 269 (32.4)

More than 5 172 (55.1) 389 (75.1) 561(67.6)

Residential community n (%)c 

Ultraorthodox Jews 175 (47.9) 397 (59.6) 572 (55.5)

Non Ultraorthodox Jews 156 (42.7) 218 (32.6) 374 (36.2)

Arabs 34 (9.3) 52 (7.8) 86 (8.3)

Note: Comparison between patients according to age groups using a chi- square test. Chi- square 
test was performed when n in both groups was 5 or more.
ap < 0.001.
bp < 0.05.
cResidential area socio- economic status on a scale from 1 (lowest) to 10.

TA B L E  1  Demographics, clinical 
and Epidemiological Characteristics of 
Paediatric Patients with COVID- 19
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However, skilled medical personnel who were responsible for 
the admission process to a remote monitoring centre obtained the 
telephone reports, and the data were recorded in the medical files 
as part of the admission records.

Second, as children tend to be more asymptomatic than adults, 
or present with mild disease that might be overlooked, the actual 
rate of infection and viral carriage is potentially underestimated. 
This can lead to potential bias in identifying primary cases from 
schools or within a family.

Third, the duration of follow- up during the study period was 
relatively short since schools were re- opened during a period 
of low infection rate, therefore more household transmission or 
school cases may have been limited. A longer period of follow- up 
since school opening may increase primary cases from the school 
settings.

Finally, the study refers to the period 28 Feb– 20 Jun 2020, re-
flecting the virus characteristics at that time period. The B.1.1.7 
lineage, which emerged in Israel in late 2020,31 being more transmis-
sible also among children32 is not studied in this research. Therefore, 
conclusions are not generalisable to other virus variants with other 
characteristics.

The most prominent strength of our nationwide research is its 
large sample size. Other strengths are extensive household contact 
tracings, a 2 weeks follow- up for cases' household members in order 
to avoid lag time bias and the absence of patients lost to follow- up.

5  |  CONCLUSIONS

Our data suggest that children usually acquired SARS- CoV- 2 infec-
tion at home but are less likely to be the vector for the infection 
within the household. Opening educational facilities did not change 
the transmission dynamics in the households. Transmission within 
household settings should be considered when designing strate-
gies to mitigate the COVID- 19 pandemic, but serious consideration 
should be paid towards strategies that allow schools to remain open, 
particularly for children younger than ten years.
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