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Abstract

There is limited information on severe acute respiratory syndrome coronavirus 2

(SARS‐CoV‐2) infection clustering within families with children. We aimed to study

the transmission dynamics of SARS‐CoV‐2 within families with children in Greece.

We studied 23 family clusters of coronavirus disease 2019 (COVID‐19). Infection
was diagnosed by reverse‐transcriptase polymerase chain reaction in respiratory

specimens. The level of viral load was categorized as high, moderate, or low based on

the cycle threshold values. There were 109 household members (66 adults and 43

children). The median attack rate per cluster was 60% (range: 33.4%‐100%). An

adult member with COVID‐19 was the first case in 21 (91.3%) clusters. Transmission

of infection occurred from an adult to a child in 19 clusters and/or from an adult to

another adult in 12 clusters. There was no evidence of child‐to‐adult or child‐to‐child
transmission. In total 68 household members (62.4%) tested positive. Children were

more likely to have an asymptomatic SARS‐CoV‐2 infection compared to adults

(40% vs 10.5%; P = .021). In contrast, adults were more likely to develop a severe

clinical course compared with children (8.8% vs 0%; P = .021). In addition, infected

children were significantly more likely to have a low viral load while adults were

more likely to have a moderate viral load (40.7% and 18.6% vs 13.8% and

51.7%, respectively; P = .016). In conclusion, while children become infected by

SARS‐CoV‐2, they do not appear to transmit infection to others. Furthermore,

children more frequently have an asymptomatic or mild course compared to adults.

Further studies are needed to elucidate the role of viral load on these findings.
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1 | INTRODUCTION

Following the emergence of a new coronavirus named severe acute

respiratory coronavirus 2 (SARS‐CoV‐2) in China in late December

2019 and subsequent global spread, a pandemic was declared by the

World Health Organization on 11 March 2020.1 As of 26 July 2020,

more than fifteen million cases of the new respiratory disease named

coronavirus disease 2019 (COVID‐19) and 640 016 deaths have been
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notified globally.1 In Greece the first cases were diagnosed on 26

February 2020.2 During the first weeks of the epidemic, most

COVID‐19 cases were travel‐associated, while as the epidemic pro-

gressed, community transmission was established.2 The first evi-

dence that SARS‐CoV‐2 can be transmitted from person‐to‐person
was set when a member of a family in China who did not travel to

Wuhan, became infected by the virus after several days of contact

with family members who traveled to Wuhan; all patients had radi-

ological ground‐glass lung opacities, with adults presenting re-

spiratory symptoms, while a 10‐year child remained asymptomatic.3

Soon after, it became evident that asymptomatic infection and mild

clinical illness are more prevalent in children compared to adults.4,5

Herein, we studied the transmission dynamics of SARS‐CoV‐2 in-

fection within families with children in Greece, focusing on the

comparison of disease severity, outcome, and viral load between

adults and children.

2 | METHODS

2.1 | Surveillance and contact tracing of
SARS‐CoV‐2 infections

SARS‐CoV‐2 infection is notifiable disease in Greece. Surveillance of

SARS‐CoV‐2 infection is performed by the National Public Health

Organization on a case basis. Data are notified daily by all labora-

tories testing for SARS‐CoV‐2 using real‐time reverse‐transcriptase
polymerase chain reaction (RT‐PCR). In addition, physicians notify

all laboratory‐confirmed COVID‐19 cases using a standardized no-

tification form. A passive comprehensive system for hospitalized

cases is also in place, collecting data daily on admissions in intensive

care unit (ICU), complications, and outcome. For every COVID‐19
case admitted in ICU or COVID‐19‐associated death, information is

also collected through telephone interview with the physician in

charge.

Contacts of SARS‐CoV‐2 infected cases were traced. Close

contacts were instructed to stay isolated for 14 days following the

last contact with the COVID‐19 case. In case of onset of symptoms,

contacts were advised to attend a COVID‐19 referral hospital for

testing.

2.2 | Data collection

The study period extended from 26 February (first COVID‐19 case

diagnosed in Greece) to 3 May 2020 (last date of lockdown in

Greece). Family clusters were identified through the national registry

of SARS‐CoV‐2 infections. We studied family clusters diagnosed in

three reference laboratories for SARS‐CoV‐2 (two in Athens and one

in Thessaloniki) where most cases were diagnosed. Families with at

least one child were included in the study. Demographic, epidemio-

logical and clinical data were collected. An adult family member

(preferably the mother) was contacted through telephone to collect

data about the possible source of infection of the first case, symp-

toms of household members and in‐family contacts.

2.3 | Virological investigation

Patients' respiratory samples were tested by real time RT‐PCR fol-

lowing commercial or in‐house protocols. Based on the cycle

threshold (Ct) value of the PCR, persons were categorized into three

groups, those having high, moderate, or low viral load (Ct 25, 25‐30,
or 30, respectively). Each cluster was investigated in one laboratory.

2.4 | Definitions

Asymptomatic SARS‐CoV‐2 cases were defined as those with posi-

tive SARS‐CoV‐2 PCR in the absence of symptoms. COVID‐19 cases

were defined as those with positive SARS‐CoV‐2 PCR and compatible

signs and symptoms. COVID‐19 cases were classified as mild when

patients were managed in the outpatient setting, moderate when

patients were admitted to hospital and had a favorable outcome,

while severe were classified those admitted to ICU or had a fatal

outcome. Children were defined as persons <18 years of age. A fa-

mily cluster was defined as the detection of at least two cases of

SARS‐CoV‐2 infection within a family. Index case was defined as the

first laboratory‐diagnosed case in the family, which brought

SARS‐CoV‐2 infection in the family under medical attention. In con-

trast, first case was defined as the first COVID‐19 case in a family.

Household contacts were defined as persons either living in the same

residence or having close contacts with a family member for ≥4 hours

daily in the family residence. Close contact was defined as a contact

of >15minutes within a distance of less than 2m with a

COVID‐19 case.

2.5 | Statistical analysis

Categorical variables were compared by using the χ2 test while for

continuous variables t test was used. P ≤ .05 were considered sta-

tistically significant. A logistic regression analysis was not performed

due to the small sample size and the inadequate events per variable,

given that small to moderate samples size such as less than 100

usually overestimate the effect measure.6 The results are presented

mainly in a descriptive form, including total numbers, frequencies, or

percentages. Analysis was performed by using IBM‐SPSS 26 (IBM

Corp. Released 2016).

2.6 | Ethical issues

Written consent was not required, given that the data were collected

within the frame of epidemiological surveillance. Data were managed

in accordance with the national and European Union laws.
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TABLE 1 Characteristics of household members per family cluster, Greece, 26 February to 3 May 2020

Cluster

member Member (agea)

Onset of

symptoms

Sample

collection Day of illnessb PCR Hospital Outcome Clinical course Viral load

1a Mother (38) 25/02/20 25/02/20 1 Positive Yesc Alive Mild Moderate

1b Son (9) NA 26/02/20 NA Positive Yesc Alive Asymptomatic Moderate

1c Grandfather (69) NA 26/02 & 2/3/20 NA Negative No Alive NA NA

1d Grandmother (62) NA 26/02 & 2/3/20 NA Negative No Alive NA NA

1e Uncle (32) NA 26/02 & 2/3/20 NA Negative No Alive NA NA

1 f Father (41) NA 26/02 & 2/3/20 NA Negative No Alive NA NA

2a Father (54) 29/02/20 06/03/20 7 Positive Yes Alive Moderate High

2b Mother (48) 05/03/20 07/03/20 3 Positive No Alive Mild Moderate

2c Son (16) NA 07/03/20 NA Positive No Alive Asymptomatic Moderate

3a Father (48) 01/03/20 10/03/20 9 Positive No Alive Mild Moderate

3b Son (12) NA 11/03/20 NA Positive No Alive Asymptomatic High

3c Daughter (10) NA 11/03/20 NA Positive No Alive Asymptomatic Low

3d Mother (43) NA 11/03/20 NA Negative No Alive NA NA

3e Daughter (14) NA 11/03/20 NA Negative No Alive NA NA

4a Mother (34) 02/03/20 08/03/20 7 Positive No Alive Mild Moderate

4b Father (36) 03/03/20 08/03/20 6 Positive No Alive Mild High

4c Son (2) 04/03/20 08/03/20 5 Negative No Alive NA NA

4d Son (4) NA 08/03/20 NA Positive No Alive Asymptomatic High

5a Father (56) 05/03/20 09/03/20 5 Positive No Alive Mild High

5b Mother (54) 08/03/20 10/03/20 3 Positive No Alive Mild High

5c Son (17) NA 10/03/20 NA Positive No Alive Asymptomatic Low

5d Son (14) NA 10/03/20 NA Positive No Alive Asymptomatic High

6a Mother (53) 07/03/20 11/03/20 5 Positive No Alive Mild Unknown

6b Daughter (18) 08/03/20 11/03/20 4 Positive No Alive Mild Unknown

6c Son (18) NA 11/03/20 NA Negative No Alive NA NA

6d Daughter (22) NA 11/03/20 NA Negative No Alive NA NA

6e Housemaid (25) NA 11/03/20 NA Negative No Alive NA NA

7a Father (37) 08/03/20 11/03/20 4 Positive No Alive Mild Unknown

7b Mother (46) 09/03/20 11/03/20 3 Positive No Alive Mild Unknown

7c Son (6) NA 11/03/20 NA Negative No Alive NA NA

7d Grandmother (80) NA 11/03/20 NA Negative No Alive NA NA

7e Housemaid (55) NA 11/03/20 NA Negative No Alive NA NA

8a Mother (40) 09/03/20 11/03/20 3 Positive No Alive Mild High

8b Father (40) 14/03/20 12/03/20 ‐2 Positive No Alive Mild Low

8c Daughter (8) NA 12/03/20 NA Positive No Alive Asymptomatic Low

8d Son (6) NA 12/03/20 NA Positive No Alive Asymptomatic High

8e Son (4) NA 12/03/20 NA Positive No Alive Asymptomatic Low

9a Mother (40) 10/03/20 15/03/20 6 Negative No Alive NA NA

9b Daughter (14) 11/03/20 14/03/20 4 Positive No Alive Mild Low

9c Daughter (12) 12/03/20 14/03/20 3 Positive No Alive Mild Low
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TABLE 1 (Continued)

Cluster

member Member (agea)

Onset of

symptoms

Sample

collection Day of illnessb PCR Hospital Outcome Clinical course Viral load

9d Father (60) NA 15/03/20 NA Negative No Alive NA NA

9e Housemaid (40) unknown not tested NA NA No Alive Mild NA

10a Mother (48) 11/03/20 14/03/20 4 Negative No Alive NA NA

10b Father (50) 12/03/20 13/03/20 2 Positive Yes Dead Severe Moderate

10c Daughter (10) NA 14/03/20 NA Negative No Alive NA NA

10d Daughter (7) NA 14/03/20 NA Negative No Alive NA NA

10e Son (15) 24/03/20 27/03/20 4 Positive No Alive Mild Moderate

11a Mother (37) 11/03/20 14/03/20 4 Positive No Alive Mild High

11b Housemaid (62) 16/03/20 25/03/20 10 Positive Yes Alive Moderate Moderate

11c Father (40) 16/03/20 14/03/20 −2 Negative No Alive NA NA

11d Daughter (4) 27/03/20 14/03/20 −13 Negative No Alive NA NA

11e Daughter (6) 28/03/20 30/03/20 3 Positive No Alive Mild Unknown

12a Father (39) 11/03/20 13/03/20 3 Positive No Alive Mild Low

12b Mother (36) 18/03/20 13/03/20 −5 Positive No Alive Mild High

12c Daughter (5) NA 13/03/20 NA Positive No Alive Asymptomatic Low

12d Son (2) NA 13/03/20 NA Negative No Alive NA NA

13a Mother (40) 13/03/20 20/03/20 8 Positive No Alive Mild Unknown

13b Daughter (10 d) 18/03/20 20/03/20 3 Positive Yes Alive Moderate Low

13c Daughter (3) 19/03/20 23/03/20 5 Positive No Alive Mild Low

13d Father (39) 19/03/20 23/03/20 5 Positive No Alive Mild Low

13e Grandmother (71) NA 23/03/20 NA Negative No Alive NA NA

13f Other (68) NA 23/03/20 NA Negative No Alive NA NA

13g Other (74) NA not tested NA NA No Alive Asymptomatic NA

14a Mother (40) 15/03/20 19/03/20 5 Positive No Alive Mild Moderate

14b Son (3 mo) 18/03/20 19/03/20 2 Positive Yes Alive Moderate High

14c Father (47) NA 19/03/20 NA Negative No Alive NA NA

14d Daughter (4.5) NA 19/03/20 NA Negative No Alive NA NA

14e Grandmother (67) NA 26/03/20 NA Positive No Alive Asymptomatic Unknown

15a Aunt (27) 15/03/20 20/03/20 6 Positive No Alive Mild Unknown

15b Son (17 d) 16/03/20 19/03/20 4 Positive Yes Alive Moderate High

15c Mother (32) NA 20/03/20 NA Negative No Alive NA NA

15d Father (29) NA 20/03/20 NA Negative No Alive NA NA

16a Mother (32) 16/03/20 24/03/20 9 Positive No Alive Mild Unknown

16b Daughter (1) 20/03/20 27/03/20 8 Positive No Alive Mild Unknown

16c Father (37) 20/03/20 27/03/20 8 Positive No Alive Mild Unknown

16d Babysitter (67) 08/04/20 10/04/20 3 Negative No Alive NA NA

16e Grandmother (66) NA not tested NA NA No Alive Asymptomatic NA

17a Father (54) 17/03/20 27/03/20 11 Positive Yes Alive Moderate Low

17b Son (25) 20/03/20 not tested NA NA No Alive Mild NA

17c Mother (50) 24/03/20 29/03/20 6 Positive No Alive Mild High

(Continues)
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3 | RESULTS

We studied 23 family clusters with a median number of 5 (range,

3‐7) household members per family. In total there were 109

household members, including 66 adults and 43 children. An adult

household member with COVID‐19 was the first case in 21

(91.3%) family clusters and a child in 2 (8.7%). Among adults,

fathers were identified as first cases in 9 clusters, mothers in 8,

both parents in 2 and other relatives in 2. In terms of source of

infection of the first case, 11 were community‐acquired, six

travel‐associated, three healthcare‐associated, while in three the

source of infection could not be identified. In six (26.1%) family

clusters children constituted the index cases, including five in-

fants ≤3 months (clusters 13,14,15, 20, 22) and one adolescent

girl (cluster 9). The median number of days between the onset of

symptoms and the date of sample collection for SARS‐CoV‐2 test

TABLE 1 (Continued)

Cluster

member Member (agea)

Onset of

symptoms

Sample

collection Day of illnessb PCR Hospital Outcome Clinical course Viral load

17d Daughter (15) 28/03/20 01/04/20 5 Positive Yes Alive Mild Moderate

17e Son (19) NA 30/03/20 NA Negative No Alive NA NA

18a Father (45) 19/03/20 25/03/20 7 Positive Yes Alive Moderate Moderate

18b Daughter (7) 24/03/20 26/03/20 3 Positive No Alive Mild Low

18c Mother (42) 24/03/20 not tested NA NA No Alive Mild NA

18d Daughter (7) 25/03/20 26/03/20 2 Positive No Alive Mild High

18e Son (7) 25/03/20 Not tested NA NA No Alive Mild NA

19a Father (41) 22/03/20 27/03/20 6 Positive Yes Alive Moderate Unknown

19b Son (3.5) 25/03/20 04/04/20 11 Negative No Alive NA NA

19c Daughter (9) 26/03/20 04/04/20 10 Positive No Alive Mild Low

19d Daughter (6) 26/03/20 04/04/20 10 Negative No Alive NA NA

19e Mother (37) 30/03/20 01/04/20 3 Positive Yes Alive Moderate Moderate

20a Mother (22) 24/03/20 02/04/20 10 Positive No Alive Mild High

20b Son (15 d) 01/04/20 01/04/20 1 Positive Yes Alive Moderate High

20c Father (32) NA Not tested NA NA No Alive Asymptomatic NA

21a Uncle (47) 28/03/20 03/04/20 7 Positive Yes Alive Moderate Moderate

21b Grandfather (76) 05/04/20 09/04/20 5 Positive Yes Dead Severe Moderate

21c Father (45) 13/04/20 21/04/20 9 Positive Yes Alive Moderate Moderate

21d Daughter (14) 19/04/20 25/04/20 7 Positive No Alive Mild High

21e Son (2.5) 22/04/20 25/04/20 4 Positive No Alive Mild High

21f Mother (38) NA 25/04/20 NA Positive No Alive Asymptomatic High

21g Daughter (8) NA 25/04/20 NA Positive No Alive Asymptomatic Moderate

22a Son (6 wk) 28/03/20 28/03/20 1 Positive Yes Alive Moderate High

22b Mother (32) NA 29/03/20 NA Negative No Alive NA NA

22c Father (43) NA 02/04/20 NA Negative No Alive NA NA

23a Father (35) 11/04/20 20/04/20 10 Positive Yes Dead Severe Moderate

23b Grandmother (50) NA 23/04/20 NA Positive No Alive Asymptomatic Moderate

23c Mother (29) NA 23/04/20 NA Positive No Alive Asymptomatic Moderate

23d Daughter (1) NA 24/04/20 NA Negative No Alive NA NA

Abbreviations: NA, does not apply; PCR, polymerase chain reaction.
aAge is presented in years, unless specified.
bOf sample collection.
cThe first two cases were hospitalized for containment purposes.
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was 5 days, with significant difference between children

(3.67 ± 2.35 days) and adults (5.92 ± 3.00 days) (P = .019).

Table 1 shows the characteristics of household members and the

timeline of transmission of infection per family cluster. There was a

median of 3 (range, 1‐7) infected persons per cluster. The median

attack rate per family cluster was 60% (range: 33.4%‐100%). Trans-

mission of infection occurred from an adult to a child in 19 clusters;

in 12 clusters transmission occurred from an adult to another adult.

There was no evidence of child‐to‐adult or child‐to‐child transmis-

sion, although in 14 clusters there was close contact between in-

fected children and noninfected adult household members.

Table 2 summarizes the COVID‐19 associated morbidity in the 109

household members by age group. In total 68 household members tested

positive for SARS‐CoV‐2 infection. Children were more likely to have an

asymptomatic infection compared with adults (40% vs 10.5%; P= .021),

accounting for 75% of all asymptomatic infections. In contrast, adults

were more likely to develop a severe clinical course compared with

children (8.8% vs 0%; P= .021). Three men aged 35, 50 and 76 years died

because of COVID‐19. No fatal case was seen among children.

Regarding viral load, 11 (40.7%) children had high viral load, 5

(18.6%) moderate, and 11 (40.7%) low viral load, while the respective

frequencies and percentages for the adults were 10 (34.5%), 15 (51.7%),

and 4 (13.8%) (P= .016). No child presented severe disease. Among the

18 children with COVID‐19, 13 (72.2%) presented mild symptoms and

five (27.8%) presented a moderate clinical course. Of note, all five chil-

dren with moderate clinical course were ≤3 months old; four were males

and had high viral load, while low viral load had the female infant

(Table 1).

4 | DISCUSSION

We studied 23 family clusters of SARS‐CoV‐2 infection that occurred in

Greece. We found a median attack rate of 60% (up to 100% in some

clusters), which demonstrates the high transmission dynamics of SARS‐
CoV‐2. Attack rates up to 75% have been also reported in other family

clusters.7,8 In line with studies from Switzerland and China,7,9 in our study

adults accounted for almost all virus importations within families. Of note,

five clusters were brought under attention because a young infant be-

came ill and hospitalization was required. In terms of timing, the complete

lockdown had an exceptional impact on the onset of family clusters, given

that less than one‐fifth of identified clusters occurred after that date.

We found no case of transmission of SARS‐CoV‐2 infection from an

infected child to another child or an adult. In a cluster of COVID‐19 that

occurred in the French Alps, one infected, symptomatic child had many

close contacts within three different schools, yet no case of transmission

was identified despite an exhaustive epidemiologic and virologic in-

vestigation.10 This may be attributed to the fact that children with SARS‐
CoV‐2 infection more often have an asymptomatic infection or a mild

course compared to adults.5,7‐9,11 In our study infected children were

significantly more likely to have an asymptomatic infection or a mild

disease and a favorable outcome, compared to adults. The shorter time

period that elapsed between the onset of symptoms and testing in chil-

dren compared with adults, may be attributed to the increased aware-

ness and high rate of healthcare seeking for ill children. It has been

reported that patients with severe COVID‐19 tend to have a higher viral

load than those with mild disease.12 Although the number of children in

the present study was low, it was found that one‐third (4 out of 12) of

asymptomatic children presented high viral load. High viral load has been

detected in children with no severe symptoms.9 In our study, children

were either asymptomatic or presented mild symptoms, and only infants

presented a moderate form of the disease, and none presented a severe

form of the disease. Most probably these findings are related with the

immune response in the various age groups rather than the viral load.

Limitations of the study were the relatively low number of

clusters tested and the fact that the clinical samples were taken from

different sites and on different days after symptoms’ onset in each

patient; thus any conclusion on association of the viral load and se-

verity of the disease cannot be drawn.

In conclusion, the present study provides an insight into trans-

mission dynamics of SARS‐CoV‐2 within families with children in-

dicating that the prevalent direction of transmission is adult‐to‐child
than child‐to‐adult. Contact tracing showed that in most cases the

adults had contact with a confirmed COVID‐19 case, thus, they were

the primary source of the family infection. However, since the tracing

was based on the dates of the PCR test and given that adults present

symptoms in a higher proportion than children, it may happen that

more adults have been identified first and the positive children were

assessed as secondary cases. Therefore, a conclusion about the index

case cannot be drawn with certainty and the role of children in virus

transmission needs further investigation.
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