
V i ew p o i n t

152 • cid 2022:74 (1 January) • VIEWPOINT

Clinical Infectious Diseases

 

Received 5 January 2021; editorial decision 21 February 2021; published online 26 February 
2021.

Correspondence: Z. Hyde, Western Australian Centre for Health and Ageing (M577), 
University of Western Australia, 35 Stirling Hwy, Perth, WA 6009, Australia (zoe.hyde@uwa.
edu.au).

Clinical Infectious Diseases®  2022;74(1):152–5
© The Author(s) 2021. Published by Oxford University Press for the Infectious Diseases Society 
of America. All rights reserved. For permissions, e-mail: journals.permissions@oup.com.
DOI: 10.1093/cid/ciab183

Difference in Severe Acute Respiratory Syndrome 
Coronavirus 2 Attack Rate Between Children and Adults 
May Reflect Bias
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The epidemiology of coronavirus disease 2019 in children has been challenging to establish, owing to the high prevalence of asymptomatic 
infection in this population. Lower secondary attack rates in children compared with adults have been observed in household contact 
studies, but there is evidence that this may reflect lower testing in children and reduced exposure, rather than a genuine difference in bio-
logical susceptibility. In addition, children may shed infectious virus for a shorter period than adults and their antibody response may be 
less broad, with implications for both polymerase chain reaction and serological testing. Improvements in study design, data collection, 
and data interpretation are required to better understand the epidemiology of coronavirus disease 2019 in children.
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The epidemiology of coronavirus disease 2019 (COVID-19) in 
children has been challenging to establish. It has been argued 
that children are less susceptible to severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection than adults and 
play only a minor role in transmission [1]. A modeling study 
that analyzed data from the first few months of the pandemic 
concluded that individuals aged <20 years were approximately 
half as susceptible to infection as adults aged ≥20 years, and that 
interventions aimed at children and teenagers might only have a 
small effect [2]. However, these conclusions may be premature, 
and instead reflect the cryptic nature of the virus in children.

In stark contrast to outcomes in adults, SARS-CoV-2 infec-
tion in children typically results in mild illness, and mortality 
rates are very low [3]. The infection fatality ratio for children 
and adolescents is estimated to be 0.002%, compared with 0.1% 
for middle-aged adults and ≥1% for adults aged ≥65 years [4]. 
However, “long COVID” (the presence of persistent symptoms 
after the acute phase of infection) [5] is underappreciated in the 
pediatric population. In the United Kingdom, the 5-week prev-
alence of persistent symptoms may be as high as 12.9% (95% 
confidence interval, 10.4%–16.0%) in children aged 2–11 years, 
compared with 22.1% (21.2%–23.2%) for the population overall 

[6]. Children may also be affected by a rare, multisystem in-
flammatory syndrome after infection with SARS-CoV-2 [7].

Nonetheless, asymptomatic infection is very common in 
children. Children are twice as likely as adults to be asympto-
matic [8], and the prevalence of asymptomatic infection may be 
as high as 50% in children and adolescents [9]. A study of pedi-
atric cases from South Korea found most would probably have 
gone undetected had they not been tested as a consequence 
of contact tracing, and only 9% were diagnosed at symptom 
onset [10]. Symptom-based testing is therefore likely to miss 
pediatric cases.

Household contact studies have been characterized by 
marked heterogeneity in secondary attack rates. Some have 
reported that children are much less likely to be infected 
than adults [11], while others show similar attack rates [12]. 
However, some studies have tested only symptomatic contacts, 
and there is evidence that children have been tested less than 
adults [11]. This represents an important source of differential 
bias. Pediatric cases may also be detectable for a shorter period 
than adult cases. In 1 prospective household contact study, se-
rial polymerase chain reaction (PCR) testing revealed that there 
was only a 2-day window to identify 1 infected child [13].

Given these challenges, serology may provide better insight 
into the susceptibility of children. A  seroprevalence study of 
6098 persons aged ≥10  years, conducted in a high-incidence 
area in Italy in May 2020, reported similar seropositivity in ado-
lescents (25%) and young to middle-aged adults (23%–26%) 
[14]. Seropositivity was lower in those aged ≥60 years (18%–
22%), possibly reflecting high morbidity and mortality rates in 
this age group, and hence, survivorship bias. Symptomatic in-
dividuals and their contacts were also tested by means of real-
time PCR. Notably, the ratio between PCR-identified cases and 
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those detected with serology was 1:7 for adolescents, compared 
with 1:3 for participants overall. The ratio was 1:1 in those aged 
≥70 years, indicating marked age disparity with regard to the 
detection of cases [14]. 

A similar discrepancy was noted in a population-based study 
of >11 000 children and adolescents in Bavaria, Germany, con-
ducted between January and July 2020 [15]. Seroprevalence 
was 6-fold higher than PCR-based testing had suggested. This 
is unsurprising, and infections in adults are also frequently 
underdetected. However, the study found no significant dif-
ference in seropositivity between those aged ≤6 years (0.84%), 
and those aged 7–18  years (0.98%). In contrast, official PCR-
based testing had suggested that younger children were much 
less affected (111 cases per 100 000 children aged ≤6 years vs 
182 cases per 100 000 persons aged 7–18 years). Almost half of 
the seropositive children (47%) in this study had been asymp-
tomatic [15].

A repeated cross-sectional seroprevalence study of >25 000 
people in Brazil found similar seroprevalence in children and 
teenagers (1.3%–1.6%) and adults (0.6%–1.9%) during the first 
survey in May 2020 but higher seroprevalence in adults during 
the second survey in June 2020 (1.9%–2.2% in children and 
teenagers vs 2.1%–3.7% in adults) [16]. The increased seroprev-
alence in adults likely reflects greater exposure, since it was as-
sociated with an increase in the proportion of people leaving 
home each day [16]. This is consistent with data from China, 
which, at a time of widespread school closures, showed that per-
sons aged 18–64 years were more likely to be infected outside 
the household, while children were more likely to be infected at 
home [17]. A seroprevalence study of >61 000 people in Spain, 
conducted between late April and early May 2020, found that 
3.4% of children had antibodies against SARS-CoV-2, com-
pared with 4.4%–6.0% of adults [18]. However, Spain’s schools 
were closed for much of the year, so these differences could 
reflect shielding. A household seroprevalence study (in which 
persons likely have more similar, but not equal, exposure) con-
ducted in Barcelona found that seropositivity rates were sim-
ilar between persons aged ≤14  years (17.6%) and those aged 
≥15 years (18.7%) [19].

However, serology is not without limitations. The wide-
spread use of serological testing is discouraged by the World 
Health Organization, particularly in low-prevalence settings 
where false-positive results may become problematic [20], but 
it likely has an important role to play in improving the quality 
of research. Household contact studies may be particularly en-
hanced, given the difficulty of identifying active infections in 
children, which limits the usefulness of PCR-based testing. 
However, because children demonstrate a less broad antibody 
response than adults, false-negatives may be more likely [21]. 
In an intriguing case report, the 3 children of an infected couple 
repeatedly tested negative by PCR. However, immunoglobulin 
G antibodies against the spike protein were found in plasma 

in 1 child, and anti-spike immunoglobulin A in saliva in all 3 
[22]. The authors noted that routine virological and serological 
testing may fail to identify pediatric cases [22].

These issues cast doubt on the conclusion of a recent system-
atic review and meta-analysis, which reported that children 
are less susceptible to infection than adults [23]. An additional 
complication, which was not accounted for, is the influence of 
behavioral and environmental factors. Although the authors of 
the meta-analysis hypothesized that exposure may be similar 
for all household contacts, this is not supported by the litera-
ture. Partners of adult case patients are more likely to be in-
fected than other adults living in the same household [24, 25]. 
Because schools have been closed for a considerable part of the 
year, adults have been more likely than children to be index case 
patients. One would therefore expect higher secondary attack 
rates in adults owing to their closer physical contact with index 
case patients, which does not necessarily imply lower biolog-
ical susceptibility in children. Parents may also have tried to 
shield their children from infection. This may be particularly 
likely with regard to studies in which healthcare workers were 
overrepresented [26]. Other studies demonstrate a clear influ-
ence of circumstantial factors. In a household study conducted 
in Singapore, children were twice as likely to be infected when 
their mother, rather than father, was the index patient (11.1% vs 
6.7%, respectively) [27]. A US study found that children were 
more likely to be infected if they were children of the index pa-
tient [25].

An additional consideration with regard to determining 
exposure in household studies is the degree to which aerosol 
transmission occurs. If it were ubiquitous, exposure might 
be expected to be similar, and attack rates high, for all per-
sons in the household. The fact that attack rates are higher 
in persons in close contact with index patients (eg, spouses) 
[24, 25] could suggest that airborne transmission is infre-
quent. However, aerosols will be more concentrated at their 
source [28], so this does not rule out the airborne route. In 
addition, some individuals may be “superemitters” and bio-
logically predisposed to emit more aerosols than others. In 
a study of the exhaled breath of 194 healthy subjects, it was 
found that 18% of participants accounted for 80% of the total 
number of aerosol particles produced [29]. This could mean 
that airborne transmission will also follow a Pareto distribu-
tion. There is some evidence to support this, with clustering 
observed within household studies. Ladhani et al [30] con-
ducted a prospective seroprevalence study of the children 
of healthcare workers. In a subset of this study, comprising 
21 families in which ≥1 parent became infected, they noted 
marked clustering. Almost all children (95%) were seroposi-
tive in 9 families, while no children were seropositive in the 
other 12 families [30]. Aerosol transmission may therefore 
be an additional factor that could explain heterogeneity in 
household secondary attack rates.
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The issues detailed so far, coupled with limited testing of chil-
dren for much of the pandemic, may have created a perception 
that children are less susceptible to infection than in reality [31]. 
In the early stages of the pandemic, testing in many countries was 
restricted to people presenting with fever or respiratory symptoms 
who had recently returned from overseas travel or were known 
to have contact with a confirmed case. Although testing has since 
been expanded, children may present with atypical symptoms not 
meeting eligibility criteria. In some regions, children are still not 
routinely tested unless seriously ill [32]. Schools were also closed 
for much of the first year of the pandemic, markedly reducing 
children’s exposure and giving a misleading picture.

As previously noted, there may be a shorter window to detect 
cases in children than in adults [13]. This may necessitate the 
use of additional methods to identify pediatric cases. Yuan et al 
[33] conducted a study to investigate the utility of anal swab 
sample testing for SARS-CoV-2. They examined PCR test re-
sults for 212 children in Wuhan with suspected SARS-CoV-2 
infection, from whom both throat and anal swab samples were 
taken. Of the 78 children in whom infection was subsequently 
confirmed, both swab samples were positive in 24 (31%) , 37 
(47%) had only positive throat swab samples, and 17 (22%) had 
only positive anal swab samples. Children who had only pos-
itive anal swab samples were more likely to be asymptomatic 
than those who had only positive throat swab samples (59% 
vs. 32%), although this difference did not reach statistical sig-
nificance [33]. Anal swab sample testing could therefore be a 
useful adjunct in household contact studies to identify cases 
that would otherwise escape detection. Viral shedding in feces 
seems to be prolonged compared with respiratory tract secre-
tions [34] and hence could provide a solution to the shorter 
window of detectability for pediatric cases.

Random testing is another technique that provides a much 
better picture of the extent to which children are involved in the 
pandemic. In contrast to early data—obtained during a period 
of widespread school closures—children currently account for 
a large proportion of cases. Random testing of the population 
in England indicates that children and teenagers are now more 
likely to be infected than any other age group [35]. Government 
data also show that children and teenagers in England are cur-
rently more likely to introduce the virus to households than 
adults, and are more than twice as likely to transmit the virus to 
other household members [36].

The age-specific transmissibility of SARS-CoV-2 remains an 
important, unresolved question. Children have a similar (and 
possibly higher) viral load to adults [37], but because children 
are more likely to be asymptomatic and may be infectious for a 
shorter period, it is reasonable to hypothesize that their risk of 
transmission may be lower. However, any reduced risk may be 
offset by the high number of contacts children have at school. 
Contact tracing studies (conducted at a time of widespread 

school closures) suggest that children and adults are similarly 
likely to transmit SARS-CoV-2 [38, 39].

In Victoria, Australia, 66% of infections in childcare cen-
ters and schools were limited to a single case [8]. This may 
seem reassuring but must be interpreted in the context of the 
overdispersed nature of SARS-CoV-2 transmission. Between 
5% and 20% of primary cases account for approximately 80% 
of secondary cases, and about 70% of people do not infect an-
yone [39, 40]. Why so many people do not transmit the virus is 
unclear, but it probably reflects a combination of biological and 
circumstantial factors, including opportunity, behavior and en-
vironment (with some settings more conducive to transmission 
than others), biological predisposition to produce more or less 
aerosols, and the timing of infection. The Australian experience 
therefore does not suggest a reduced role for children in trans-
mission, at least with respect to schools.

These observations stand in contrast to earlier conclusions 
about the role of children in the pandemic [1], and they suggest 
a need for reevaluation. It is likely that children are more sus-
ceptible to SARS-CoV-2 infection than first thought, and they 
probably play an important role in community transmission. 
Improvements in study design, data collection, and data inter-
pretation are required to clarify the epidemiology of COVID-19 
in children.
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