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Abstract

Background Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has spread around the world and reports of children during early epidemic period showed features of family clusters.
The aim of this study is to assess clinical profiles of COVID-19 in family clusters with children.

Methods We performed a systematic literature review of English database (PubMed, Web of Science) and Chinese database
(“www.cnki.net”, “www.cqvip.com” and “www.Wanfangdata.com.cn”) to identify papers on family clusters of COVID-19
with children and their family members.

Results Eighteen studies involving 34 children and 98 adults from 28 families were included. Fever, cough and ground-grass
opacity change of chest computed tomography (CT) were the dominant features, whereas proportion of asymptomatic infec-
tions for children was higher than adults with statistical significance (32.4% and 13.3%, respectively, P <0.05). Median time
of longer incubation period (10 days) and shorter duration of pharyngeal swab nucleic acid test positive period (11 days)
were seen in children than adults (7 and 17 days, respectively) with statistical significance (P <0.05). There were statisti-
cally significant differences in lymphopenia, increased C-reactive protein and abnormal chest CT between children and adult
patients (P <0.05). Twenty-seven families reported adults as first case of COVID-19 in family clusters.

Conclusions The same virus strain can cause milder disease in children compared with their caregivers. Children of COVID-
19 were infected by adults in family during the early epidemic period. Asymptomatic patients can transmit the virus.

Keywords Children - Coronavirus disease 2019 - Family clusters - Severe acute respiratory syndrome coronavirus 2

We all pay close attention to coronavirus disease 2019
(COVID-19) since December 2019, outbreak of a novel res-
piratory infectious disease, which has cause pandemic and
spread around the world [6—8]. The pathogen identified has
been named as severe acute respiratory syndrome coronavi-

Introduction

Many respiratory infectious diseases show feature of high
incidence in winter, and some might break out within fami-
lies. Children, as a special group due to immature immune

system, are more vulnerable to many respiratory infec-
tious diseases compared with their adult family members.
For example, during the pandemic of influenza, especially
2009 swine influenza, children are more easily infected, and
school children can drive dissemination of influenza virus in
the household and community [1-5].
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rus 2 (SARS-CoV-2) [8], and World Health Organization has
declared COVID-19 a public health emergency of international
concern [9].

Although people of all ages are susceptible to SARS-
CoV-2 infection [8, 10], compared with pandemic of influ-
enza, there are much more reported cases of adult patients
during COVID-19 pandemic [6-8], whereas pediatric
patients accounts for a small proportion. Data from Chi-
nese Center for Disease Control and Prevention showed
that among 72,314 reported cases, about 2% of 44,672 con-
firmed cases of COVD-19 were children aged 0-19 years,
and children under age of 10 years accounts for 0.9% [11].
Data published on 18 March 2020 from Italy reported chil-
dren accounted for 1.2% of 22,512 Italian COVID-19 cases
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[12]. As for the United States, 1.7% of 150,000 laboratory
confirmed COVID-19 cases were children under 18 years
[13], with only 5.7-20% admitted in hospital and 0.58-2%
of them in pediatric intensive care unit.

The SARS-CoV-2 virus can be transmitted via respira-
tory droplets, even aerosol [14, 15]. In the early epidemic
period, nearly 90.1% of children showed feature of family
cluster [16, 17], where children were believed to be infected
via close contact with family members [10]. Besides, they
only received SARS-CoV-2 nucleic acid tests if they showed
clinical manifestations or there were COVID-19 patients in
their family, which is another difference from influenza.

For above reasons, we conduct this study to systemati-
cally review the current knowledge of SARS-CoV-2 infec-
tion in children and adults in family cluster and profile char-
acteristics of COVID-19. We aimed to find out differences
between children and adults infected with the same virus
strain, even to identify probable transmission mechanism
within family members.

Methods
Data sources

We performed a systematic literature review of PubMed,
Web of Science, “www.cnki.net”, “www.cqvip.com” and
“www.Wanfangdata.com.cn” on 10th March 2021 to iden-
tify papers on COVID-19 family cluster with children and
their family members. We use search terms as followings:
(2019-nCOV or SARS-CoV-2 or COVID-19 or novel coro-
navirus) and (family cluster or family aggregation). For fur-
ther relevant studies, the references of selected articles were
also identified through manual search. The literature search

process is presented in Fig. 1.
Criteria

Inclusion criteria: we included all studies that have reported
clinical manifestations, laboratory examinations, chest com-
puted tomography (CT) and nucleic acid test (NAT) in fam-
ily clusters of COVID-19 including both children (age from
29 days to 14 years) and adults. Exclusion criteria: neonate
(younger than 28 days) as well as articles containing insuf-
ficient data were excluded.

Data extraction

Two independent assessors (Song WL and Zou N) per-
formed the data extraction with agreement reached by
consensus. The following information was extracted from
each study for the analysis: age, sex, incubation period,
duration of pharyngeal swab NAT-positive period (days),
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Fig. 1 Flow diagram of the study selection process

clinical manifestations, laboratory examination and chest
CT manifestations.

Statistical analysis

Continuous variables were expressed as medians and inter-
quartile ranges. Categorical variables were described as
counts and percentages. Chi-square tests and Fisher exact
tests were used for categorical variables as appropriate and
Mann—Whitney U test was used for comparing median val-
ues of non-normally distributed variables. All analyses were
conducted with the use of Statistical Product and Service
Solutions (SPSS 22.0) software. A two-sided « of less than
0.05 was considered statistically significant.

Results
Summary of searching results

The search yielded 1108 hints both in English and Chinese.
Removing 334 duplicates we identified 774 articles and after
screening by criteria we got 18 articles finally, with 12 Eng-
lish articles [17-28] and six Chinese articles (Supplemen-
tary Table 1) [29-34].

General clinical information

There were 28 families reported in the 18 articles. A total
of 132 patients were reported, including 34 children and 98
adults, with a mean number of one (range 1-3) child per
family, and they were diagnosed as COVID-19 in January
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and February, 2020, which was the early epidemic period
of COVID-19. The ages of children were from 2 months to
10 years (median age 5 year 3 months) with a male to female
ratio of 14:20, and ages of adults were 18—83 years with a
male to female ratio of 46:52. In 27 (27/28, 96.4%) families
adults were first diagnosed as COVID-19 previous to chil-
dren, and in only one family, the first diagnosed patient was
a child [19], whereas the mother being the infectious source,
showed negative NAT for a long time until diagnosed. The
general information was showed in Table 1.

The top 3 symptoms of children were fever (15/34,
44.1%), cough (6/34, 17.6%) and diarrhea (4/34, 11.8%),
whereas for adults were fever (61/98, 62.2%), cough (44/98,
44.9%) and fatigue (24/98, 24.5%). Besides, children showed
a higher proportion of asymptomatic infections (11/34,
32.4%) than adults (13/98, 13.3%) with statistical signifi-
cance (P <0.05). In addition, adults showed various symp-
toms besides previous mentioned as following, 11 (11/98,
11.2%) cases with myalgia, 10 (10/98, 10.2%) cases with
sore throat, 5 (5/98, 5.1%) with chest pain, 3 (3/98, 3.1%)
cases with polypnea, 2 (2/98, 2.0%) cases with dyspnea, 4
(4/98, 4.1%) cases with chest tightness, 3 (3/98, 3.1%) with

rhiborrhea, 2 (2/98, 2.0%) with diarrhea and 1 (1/98, 1.0%)
case with sneezing, compared with children showing less
symptoms including 3 (3/34, 8.8%) cases with fatigue, 4
(4/34, 11.8%) cases with diarrhea, 2 (2/34, 5.9%) cases with
vomiting and 1 (1/34, 2.9%) case with rhiborrhea (Table 1).
Furthermore, from limited data of body temperature records,
both group showed T, ranging from 37.3 to 39 °C and no
statistical difference in grade of fever between them. To be
noted, children patients showed a longer incubation period
(10 days) but a shorter duration of positive pharyngeal swab
NAT results (11 days) than adults (7 and 17 days, respec-
tively) with statistical significance (P <0.05). In addition,
there were four pediatric cases, whose duration of positive
pharyngeal swab NAT duration ranging from 7 to 27 days,
comparing with positive anal swab NAT duration lasting
more than 28 days [26, 27, 29].

Laboratory examination characteristics
Children and adults of family clusters underwent tests of

blood cell analysis, C-reactive protein (CRP), biochemical
indexes and evaluation of organ injury severity. Leukocyte

Table 1 General clinical characteristics of children and adults in family clusters of coronavirus disease 2019

Variables Children (n=34) Adults (n=98) X2 P

Sex, n (%) 0.338 0.561
Male 14 (41.2) 46 (46.9)
Female 20 (46.9) 52 (53.1)

Age, median (IQR) 4y 3 mon (2 mon-10y) 18-83y

Incubation period (d), median (IQR) 10 (1-30) (n=31) 7 (1-29) (n=172) -2.001 (2) 0.045

Duration of pharyngeal swab NAT-positive 11 (6-27) (n=15) 17 3 to>37) (n=28) -2.373 (2) 0.018
period (d), median (IQR)

Clinical manifestation, n (%)
Number of asymptomatic infection 11 (32.4) 13 (13.3) 6.182 0.013
Fever 15 (44.1) 61 (62.2) 3.396 0.065
Body temperature grading 0.033 0.855

Low-grade fever 3(33.3)(n=9) 9 (45.0) (n=20)
Moderate fever 6 (66.7) (n=9) 11 (55.0) (n=20)

Cough 6 (17.6) 44 (44.9) 7.966 0.005
Fatigue 3(8.8) 24 (24.5) 3.808 0.051
Myalgia 0(0.0) 11(11.2) 2.824 0.093
Sore throat 1(2.9) 10 (10.2) 0.922 0.337
Chest pain 0(0.0) 5.1 0.675 0411
Polypnea 0(0.0) 3.1 0.569
Dyspnea 0(0.0) 2(2.0) 1.000
Chest tightness 0(0.0) 44.1) 0.379 0.538
Rhiborrhea 1(2.9) 33.1) 0.000 1.000
Sneezing 0(0.0) 1(1.0) 1.000
Vomiting 2(5.9) 0(0.0) 0.065
Diarrhea 4(11.8) 2 (2.0) 3.488 0.062

IOR interquartile range, NAT nucleic acid test
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decreased in 6 (6/33, 18.2%) cases of children and 14 (14/97,
14.4%) cases of adults, and remained normal value for 27
(27/33, 81.8%) cases and 83 (83/97, 85.6%) with no statis-
tical difference, respectively (P >0.05). However, 1 (1/33,
3.0%) case of children showed lymphopenia while 41 (41/97,
42.3%) cases of adults did, and lymphocytes were normal for
30 (30/33, 90.9%) cases of children and 54 (54/97, 55.7%)
cases of adults, respectively, with statistically significant
difference (P <0.05). There were 41 (41/65, 63.1%) cases
of adults with normal CRP with a percentile of 63.1% com-
pared with 29 (29/30, 96.7%) case in children (P <0.05). All
children showed normal prothrombin time, activated partial
thromboplastin time (APTT), p-dimer, alanine aminotrans-
ferase, aspartate aminotransferase and creatine kinase (CK),
which was the same for adults except nine cases of abnor-
mal APTT, two cases of abnormal p-dimer and 10 cases of
abnormal CK. Details were shown in Table 2.

Chest CT manifestations

Among 29 cases of children and 90 cases of adult patients
who performed chest CT scan, 13 (13/29, 44.8%) cases
of children and 73 (73/90, 81.1%) cases of adults showed
abnormal image results, with statistical significance

(P <0.05). Furthermore, ground-grass opacity (GGO)
change was the leading feature both for children and
adults with a percentile of 69.2% (9/13) and 52.0%
(38/73), respectively, followed by pneumonia change,
consolidation, patchy and nodular changes, and bronchi-
tis, whereas there was no statistical difference between
two groups (P> 0.05). Details were shown in Table 3.

Furthermore, we defined pneumonia based on the changes
of CT regardless of symptoms and classified clinical types
according to diagnostic guidelines in China for children
and adults, respectively [35, 36]. There were equally five
asymptomatic children and seven adults with abnormal CT
diagnosed as pneumonia. Besides, according to their clinical
manifestations, lab examinations and CT, 16 cases of chil-
dren and 17 cases of adults were grouped as mild type, with
the left 13 cases of children and 73 cases of adults grouped
as common type.

Discussion

This systematic review showed that there were more adult
patients infected with COVID-19 than children in family
clusters of COVID-19. It might be due to most literatures

Table 2 Blood routine test characteristics of children and adults in family clusters of coronavirus disease 2019

Laboratory examinations Children Adults x? P
WBC (x 10°/L), median (IQR) 6.68 (2.23-11.7) (n=33)  1.75-11.40 (n=97)
WBC decreased, n (%) 6 (18.2) (n=33) 14 (14.4) (n=97) 0.130 0.718
WBC normal, n (%) 27 (81.8) (n=33) 83 (85.6) (n=97)
Lymphocyte (x 10%L), median 4.52 (1.25-9.06) 0.29-6.23

(IQR)
Lymphocyte decreased, n (%) 1(3.0) (n=33) 41 (42.3) (n=97) 17.334 <0.001
Lymphocyte normal, n (%) 30 (90.9) (n=33) 54 (55.7) (n=97) 13.373 <0.001
Lymphocyte increased, n (%) 2 (6.1) (n=33) 22.1) (n=97) 0.320 0.572
CRP (mg/L) 0-12.6 0.5-150.0
CRP normal, n (%) 29 (96.7) (n=30) 41 (63.1) (n=65) 11.944 0.001
PT(s) 10.5-13.1 10.0-14.4
PT normal, n (%) 6 (100) (n=6) 20 (100) (n=20)
APTT(s) 34.0-42.9 25.8-49.6
APTT normal, n (%) 7(100) (n=17) 17 (65.4) (n=26) 3.332 0.068
p-dimer(mg/L) 0.10-0.43 0.19-0.71
p-dimer normal, n (%) 10 (100) (n=10) 16 (88.9) (n=18) 1.197 0.274
ALT(U/L) 9.0-23.9 10.8-36.0
ALT normal, n (%) 17 (100) (n=17) 26 (100) (n=26)
AST(U/L) 23.0-42.0 18.1-40.2
AST normal, n (%) 12 (100) (n=12) 21 (100) (n=21)
CK(U/L) 78-131 176-301
CK normal, n (%) 10 (100) (n=10) 25 (71.4) (n=35) 2.433 0.119

IQR interquartile range, WBC white blood cell, CRP C-reactive protein, PT prothrombin time, APTT activated partial thromboplastin time, ALT

alanine aminotransferase, AST aspartate aminotransferase, CK creatine kinase
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Table 3 Chest computed tomography manifestations of children and adults in family clusters of coronavirus disease 2019

Chest CT Children Adults X2 P
Normal, n (%) 16 (55.2) (n=29) 17 (18.9) (n=90) 14.408 <0.001
Abnormal, n (%) 13 (44.8) (n=29) 73 (81.1) (n=90)

GGO, n (%) 9(69.2) (n=13) 38 (52.0) (n=73) 1.314 0.252
Pneumonia, n (%) 2 (15.4) (n=13) 20 (27.4) (n=173) 0.324 0.569
Consolidation, n (%) 2 (15.4) (n=13) 14 (19.2) (n=173) 0.000 1.000
Patchy, n (%) 2(15.4) (n=13) 8 (11.0) (n=73) 0.000 1.000
Nodular, n (%) 0(0.0) (n=13) 8 (11.0) (n=73) 0.540 0.462
Bronchitis, n (%) 2(15.4) (n=13) 1(1.4) (n=73) 0.058

CT computed tomography, GGO ground-grass opacity

involved in this review reporting data from China and
because in a family, there were more adults than children as
an objective fact that under one child policy in China, most
families constitutes of one child, two parents and four grand-
parents. Besides, almost all family members from respec-
tive family cannot avoid being infected with SARS-CoV-2
indicates that it is a highly contagious disease and all people
are susceptible [8, 10]. In addition, close contact or fam-
ily cluster is the main mode of transmission. It can provide
some evidence for more adult COVID-19 to some extent.
It is worth of attention that being exposed to the same
circumstance in the same family, both children and adults
infected by the same virus strain, although there were many
common features shared by them, there were also different
aspects between two groups. Fever and cough are the main
onset clinical manifestations of COVID-19 for both children
and adults in family clusters, which is consistent with previ-
ous publications [6-8, 10]. In addition, both children and
adults showed mild type and common type, without severe,
critical type or death cases. However, pediatric patients
showed lower proportion of symptoms, such as fever (15/32,
46.9%) and cough (6/32, 18.8%), compared with adults
(56/89, 62.9% and 39/89, 43.8%, respectively), as well as
fewer symptoms, such as fatigue, myalgia, sore throat, chest
pain, which were more common for adults [6, 8], although
there were more cases of children with vomiting and diar-
rhea, which may be due to immature digestive system. On
the other hand, proportion of asymptomatic infection was
higher in children than adults with statistical significance
(P <0.05). Furthermore, the disease seems milder for chil-
dren when comparing the proportion of pneumonia between
children and adults (48.1, 82.7%, respectively, P <0.05). As
the pathogen of COVID-19, SARS-CoV-2 gains entry into
epithelial cell via angiotensin-converting enzyme 2 (ACE2)
receptor and transmembrane serine protease 2 [37-41].
There has been evidence that number of ACE2 receptors
are significantly lower in children than in adults [41], which
may be the primary reason why children have fewer clini-
cal symptoms, less severe disease and lower proportion of

pneumonia. Besides, difference in maturity, functionality
or affinity of ACE2 receptor between children and adults
may account for these discrepancies to some extent, which
needs further research. On the other hand, a few children
showed onset manifestations of gastrointestinal tract, such
as vomiting and diarrhea [26], which were atypical symp-
toms for respiratory infectious diseases. ACE2 is expressed
in many organs, not only in respiratory system, but also in
digestive system, urinary system, neurological system and
circulatory system [39, 42-48]. Maybe there is discrepancy
in distribution of ACE2 receptor in different organs, or dif-
ferent functions of ACE2, which may account for various
manifestation of COVID-19. However, the hypothesis needs
more studies to prove.

Index case was defined as patient in the household cluster
who first showed symptoms. From this analysis, we found
that almost all families have adult as index case except one
with child [19]. Furthermore, the infectious source of each
family was adult and can be asymptomatic or later-onset than
other family members [19, 24, 30]. In addition, there were
family members with onset manifestation of no symptom,
among whom there were asymptomatic infection and even
pneumonia, which may be neglected without SARS-CoV-2
NAT and chest CT examination. To be mentioned, there was
an index case of adult with asymptomatic infection through-
out his illness course and only showed SARS-CoV-2 NAT-
positive [30], and there was only one child in this family, who
was 2.5 years and showing cough, normal white blood cell
(WBC) and lymphocyte 10 days after contacting with the
index case. Besides, for the family in which child being the
index case, she stayed at home all the time under the condition
of prevention of epidemic situation and schools were closed.
She was actually infected by her mother, who returned from
Wuhan, the epidemiological area, and regarded as the infec-
tious source for this family. They received NAT on the same
day, but the mother showed negative result and had later-onset
manifestation and long NAT negative period [19]. Therefore,
it indicates that SARS-CoV-2 may be contagious during incu-
bation and asymptomatic patients can transmit the virus.
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Although the incubation period for children and adults
both varied from 1 to 30 days, it was longer for children with
median time of 10 days than adults with 7 days (P <0.05).
However, this period has been assessed based on the most
probable contacts with documented cases but other sources
of exposition might be not explored especially by asympto-
matic patients. This assessment is not so sure. Comparing
to 54% of transmission clusters identifying children as index
case in influenza [49], only 3.6% of family in this review
identified children as index case of COVID-19, which may
be due to longer incubation period of children for COVID-
19 than adults to some extent [50]. During early epidemic
period, schools were closed and children stayed at home. So
it is not surprising for children to be later detected. Besides,
from limited data of duration of pharyngeal swab NAT-pos-
itive period, we found children undergoing shorter course
than adults (11 days and 17 days, respectively, P <0.05).
SARS-CoV-2 NAT with throat and nose swabs or lower
airway secretion were the gold standard for the diagnosis
of COVID-19 [35], and patients can be released from quar-
antine after disappearance of symptoms and two consecu-
tive negative results of NAT. Somehow, four pediatric cases
showed duration of positive pharyngeal swab NAT rang-
ing from 7 to 27 days, while their anal swab NAT showed
positive duration lasting more than 28 days. Three children
showed common characteristics of fever and gastrointesti-
nal symptoms, such as vomiting and diarrhea. Besides, their
anal swab NATSs were still positive for a long time even after
disappearance of symptoms and negative results for phar-
yngeal swab NATs. To be mentioned, one child was asymp-
tomatic and positive duration of her nasopharyngeal swab
NAT lasted 22 days, whereas her fecal samples NAT showed
positive more than 100 days. Therefore, there is still debate
on infectivity of feces containing SARS-CoV-2 and time of
quarantine.

In this review, we found that pediatric patients showed
almost all normal lab examination results, except for 6 (6/33,
18.2%) cases with decreased WBC and 1 (1/33, 3.0%) case
with increased CRP, whereas compared with adult patients,
proportion of decreased WBC showed no statistical signifi-
cance. In addition, there were more adults with lymphopenia
and increased CRP than children with statistical significance
(P <0.05). Lymphopenia reflects consumption of lympho-
cyte by SARS-CoV-2 and was related to severity of dis-
ease [6, 7]. Here, it indicates that lymphocytes in children
were not as consumptive as adult patients. The difference
of increased CRP, an inflammation marker, may be related
to different immune status or more intense inflammation
reactions in adults. Somehow, the biochemical indexes that
reflect organ functions were at large normal both for children
and adults. Our review studied the articles published from
January to September, 2020, with cases diagnosed in Janu-
ary and February, 2020, and it seems children showed milder
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inflammation in the early epidemic period of COVID-19.
However, with the SARS-CoV-2 variants evolving each day,
these data on children may change according to the variants.

As for image of lung, here we found number of abnor-
mal CT in children was fewer than adults, which indicates
children seems less susceptible to be infected with pneu-
monia. Consistent with previous studies [6—8, 51-55],
GGO changes were the dominant features of chest CT
for both children and adults in our study. However, other
changes, such as consolidation, pneumonia-like change,
patchy and nodular changes, were less common seen in
children compared to adults [5S3-55]. These may reflected
milder disease of children to some extent. To mention,
although CT played an important role to detect patients
with COVID-19 earlier as a diagnostic method because
of lack of SARS-CoV-2 NAT material and low positive
rate of NAT in the early epidemic period, these features of
CT were not specific for COVID-19 exclusively because
they can also be seen in pneumonia caused by other virus
[56-59]. With widely used NAT and improved method,
we can now quickly and accurately make diagnosis of
patients with COVID-19, and chest CT can show pat-
terns of lung abnormalities and reflect clinical condition
to some extent.

There is another key point to be mentioned that, all the
cases reported in these articles were diagnosed in January
and February, 2020, the early epidemic period of COVID-
19, during which period the first diagnosed patient in fam-
ily either returned from epidemic area or had contacts with
COVID-19 patients. However, during that period, children
were limited to family environment, and school and kinder-
garten closure further confined children activity. Besides,
special physical and social features of children, such as lack
of independence and need of parents’ company, make them
less exposure to out-family environment, and social activ-
ity involvement for children reduced. Therefore, children
of COVID-19 were infected by adults from their family in
family clusters.

With increasing cases, there are also reports of chil-
dren with multi-system inflammation syndrome [60, 61],
manifested as fever more than three days, multi-system
affected and elevated inflammation markers. It is another
severe condition caused by SARS-CoV-2 infection, may
be due to immune system disorder, and may occur in chil-
dren with fever or asymptomatic in the early period after
two weeks post SARS-CoV-2 infection [62]. Besides,
some skin changes may also appear after SARS-CoV-2
infection [63], which may give us clues for early diag-
nosis. Although these articles were not included in our
review for not meeting standards, these information gave
us new aspects of SARS-CoV-2 infection and we should
pay attention to children with fever or asymptomatic in
the early period.
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There were several limitations for our study. First,
although we searched huge amount of articles, most of them
reported data from adults or children independently, lead-
ing to a small size of eligible studies based on our including
criteria. Second, there was lack of data concerning viral load
for us to compare difference between children and adults,
which can give a more detailed profile of COVID-19 of fam-
ily clusters.

In conclusion, this review profiles a comprehensive char-
acteristic of COVID-19 of family clusters. In the early epi-
demic period of COVID-19, children of COVID-19 were
infected by adults from their family showing characteris-
tics of family clusters. However, same virus strain caused
milder disease in children compared with their family mem-
bers according to clinical manifestations, lab test results and
chest CT changes.
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