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IMPORTANCE Data about the risk of SARS-CoV-2 infection among children compared with
adults are needed to inform COVID-19 risk communication and prevention strategies,
including COVID-19 vaccination policies for children.

OBJECTIVE To compare incidence rates and clinical characteristics of SARS-CoV-2 infection
among adults and children and estimated household infection risks within a prospective
household cohort.

DESIGN, SETTING, AND PARTICIPANTS Households with at least 1 child aged 0 to 17 years in
selected counties in Utah and New York City, New York, were eligible for enrollment. From
September 2020 through April 2021, participants self-collected midturbinate nasal swabs for
reverse transcription–polymerase chain reaction testing for SARS-CoV-2 and responded to
symptom questionnaires each week. Participants also self-collected additional respiratory
specimens with onset of COVID-19–like illness. For children unable to self-collect respiratory
specimens, an adult caregiver collected the specimens.

MAIN OUTCOMES AND MEASURES The primary outcome was incident cases of any SARS-CoV-2
infection, including asymptomatic and symptomatic infections. Additional measures were the
asymptomatic fraction of infection calculated by dividing incidence rates of asymptomatic
infection by rates of any infection, clinical characteristics of infection, and household
infection risks. Primary outcomes were compared by participant age group.

RESULTS A total of 1236 participants in 310 households participated in surveillance, including
176 participants (14%) who were aged 0 to 4 years, 313 (25%) aged 5 to 11 years, 163 (13%)
aged 12 to 17 years, and 584 (47%) 18 years or older. Overall incidence rates of SARS-CoV-2
infection were 3.8 (95% CI, 2.4-5.9) and 7.7 (95% CI, 4.1-14.5) per 1000 person-weeks among
the Utah and New York City cohorts, respectively. Site-adjusted incidence rates per 1000
person-weeks were similar by age group: 6.3 (95% CI, 3.6-11.0) for children 0 to 4 years, 4.4
(95% CI, 2.5-7.5) for children 5 to 11 years, 6.0 (95% CI, 3.0-11.7) for children 12 to 17 years, and
5.1 (95% CI, 3.3-7.8) for adults (�18 years). The asymptomatic fractions of infection by age
group were 52%, 50%, 45%, and 12% among individuals aged 0 to 4 years, 5 to 11 years, 12 to
17 years, and 18 years or older, respectively. Among 40 households with 1 or more
SARS-CoV-2 infections, the mean risk of SARS-CoV-2 infection among all enrolled household
members was 52% (range, 11%-100%), with higher risks in New York City compared with
Utah (80% [95% CI, 64%-91%] vs 44% [95% CI, 36%-53%]; P < .001).

CONCLUSIONS AND RELEVANCE In this study, children had similar incidence rates of
SARS-CoV-2 infection compared with adults, but a larger proportion of infections among
children were asymptomatic.
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D ifferences have been observed in SARS-CoV-2 infec-
tion frequency and clinical presentation among chil-
dren compared with adults since the earliest months

of the COVID-19 pandemic. In early case series of SARS-CoV-2
infections,1-4 children accounted for a minority of cases, which
raised questions about whether children were tested for SARS-
CoV-2 less frequently than adults because of differences in clini-
cal presentation, care seeking, or access to testing; had fewer
opportunities for exposure because of prevention measures;
or in fact were less susceptible to infection because of differ-
ences in baseline immune status. Multiple studies have now
suggested that children are more likely than adults to have
asymptomatic or atypical SARS-CoV-2 infections that may not
meet COVID-19 case definitions.5-7 At the same time,
seroprevalence,8-10 household,11-13 outbreak,14,15 and surveil-
lance studies have now clearly established that children are sus-
ceptible to SARS-CoV-2. However, findings remain mixed with
respect to the relative risk of infection among children com-
pared with adults.16 Most studies that have drawn inferences
about risk among children vs adults lacked systematic, longi-
tudinal testing for both asymptomatic and symptomatic in-
fections or relied on serologic markers of infection that may
not always be present or sustained after asymptomatic
infection.17,18 Both limitations might lead to underdetection
of SARS-CoV-2 infection cases among children and the false
conclusion that risk of infection is lower among children than
adults.

Estimating and comparing SARS-CoV-2 community infec-
tion rates among children and adults could provide critical data
to inform COVID-19 risk communication and prevention strat-
egies, including COVID-19 vaccination policies for children if
and when vaccines are available for younger age groups in the
future. At the same time, accurate estimates of the asymp-
tomatic fraction of infection and clearer characterization of
COVID-19 symptom presentation among different age groups
can inform infection prevention measures. The Coronavirus
Household Evaluation and Respiratory Testing (C-HEART)
study follows up households with 1 or more children aged 0
to 17 years in Utah and New York City, New York, with an in-
tensive surveillance approach that includes weekly system-
atic molecular testing for both asymptomatic and sympto-
matic SARS-CoV-2 infections. Using interim data from this
prospective cohort, we aimed to estimate and compare inci-
dences of SARS-CoV-2 infections among children and adults,
estimate cumulative household infection risk, and compare
clinical features of infection by age during a period of in-
creased SARS-CoV-2 circulation.

Methods
Ethical Review and Results Reporting
The study protocol was reviewed and approved by the Uni-
versity of Utah Institutional Review Board (IRB), which served
as the central IRB for all study collaborators. The US Centers
for Disease Control and Prevention IRB relied on the review
of the University of Utah IRB. Columbia University IRB also re-
viewed and approved the study. The eMethods in the

Supplement present additional details about consent and as-
sent procedures. Study methods and findings are reported in
accordance with the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) reporting guidelines.

Participants
The C-HEART cohort enrolled convenience samples of house-
holds with 1 or more children aged 0 to 17 years from New York
City, and selected counties in Utah (Salt Lake, Weber, Davis,
Box Elder, Cache, Tooele, Wasatch, Summit, Utah, and Iron).
A convenience sampling approach was used to allow for rapid
cohort enrollment from previous cohort studies19,20 and the
broader community. Participants were enrolled during Au-
gust 2020 through February 2021, and SARS-CoV-2 surveil-
lance was conducted from September 2020 through August
2021. This analysis includes the results of surveillance con-
ducted from September 2020 through April 15, 2021. Cohort
surveillance began the week of September 6, 2020, in Utah and
October 18, 2020, in New York City. The eMethods in the
Supplement shows additional details of recruitment proce-
dures and eligibility criteria.

Data Collection Procedures
At enrollment, a designated household reporter completed a
telephone survey about the household composition. All indi-
viduals completed online surveys about their sociodemo-
graphic characteristics, including self-reported race and eth-
nicity, employment status (for adults [aged ≥18 years]), school
attendance status (for children aged 4-17 years of age), child-
care attendance status (for children aged 0-17 years), medical
histories, and any diagnosis of SARS-CoV-2 infection before co-
hort enrollment. All data for children aged 0 through 17 years
were collected from designated adult proxies (eg, the child’s
parent or guardian). Adult proxies were asked to have chil-
dren nearby to confirm responses with them before entering
questionnaire data. Study data were collected and managed
using Research Electronic Data Capture (REDCap) electronic
data capture tools hosted at Vanderbilt University Medical Cen-
ter. REDCap is a secure, web-based software platform de-
signed to support data capture for research studies, provid-
ing (1) an intuitive interface for validated data capture, (2) audit
trails for tracking data manipulation and export procedures,

Key Points
Question What is the risk of SARS-CoV-2 infection among children
compared with adults during periods of increased SARS-CoV-2
circulation in the community?

Findings In this cohort study of 1236 participants in 310
households conducted from September 2020 through April 2021
in New York City, New York, and selected counties in Utah,
site-adjusted incidence rates per 1000 person-weeks were similar
by age group: 6.3 for children aged 0 to 4 years, 4.4 for children
aged 5 to 11 years, 6.0 for children aged 12 to 17 years, and 5.1 for
adults (aged �18 years).

Meaning In this study, children had similar risks of SARS-CoV-2
infection compared with adults.
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(3) automated export procedures for seamless data down-
loads to common statistical packages, and (4) procedures for
data integration and interoperability with external sources.

Individuals were asked to self-collect midturbinate flocked
nasal swabs in viral transport media every week, regardless of
illness symptoms. For children unable to self-collect speci-
mens, an adult caregiver collected respiratory specimens. In-
dividuals were also contacted by text message or email every
week to ascertain whether they had COVID-19–like illness
symptoms or any other illness symptoms and whether chil-
dren attended school or childcare outside the home during the
preceding seven days. COVID-19–like illness was defined as 1
or more of the following: fever or feverishness, cough, short-
ness of breath, sore throat, diarrhea, muscle aches, chills, or
change in taste or smell. At the onset of COVID-19–like illness
symptoms, individuals were asked to self-collect and ship 3
additional respiratory specimens, including a midturbinate
specimen using a flocked nasal swab in viral transport media,
a midturbinate specimen using a foam swab in a dry sterile
tube, and a saliva specimen in a dry sterile container. Collec-
tion of the 3 specimen types was done as part of a substudy to
assess SARS-CoV-2 detection from different specimen types;
available published data from other studies suggest that de-
tection of SARS-CoV-2 from saliva samples is comparable with
detection from nasopharyngeal swabs.21

The eMethods in the Supplement presents additional de-
tails about surveillance and illness follow-up. Data about labo-
ratory-confirmed SARS-CoV-2 infections detected outside the
study were also collected via monthly surveys completed by
the designated household reporter. Once COVID-19 vaccines
became available in the US, the weekly surveillance question-
naire for participants 18 years and older included additional
questions every fourth week to collect information about
COVID-19 vaccine receipt, vaccine type, and date of receipt.

Laboratory Testing and Reporting
All respiratory specimens were tested at the Marshfield Clinic
Research Institute, Marshfield, Wisconsin, by reverse tran-
sc ription–polymerase chain reaction (RT-P CR) for
SARS-CoV-2 (eMethods in the Supplement). Test results that
were positive for SARS-CoV-2 were returned to participants and
reported to state or local public health authorities according
to local requirements.

Outcomes of Interest and Study Definitions
The primary incident outcome of interest was any RT-PCR–
confirmed SARS-CoV-2 infection, including both asymptom-
atic infections and symptomatic infections. Symptomatic
SARS-CoV-2 infection was defined as a reported illness with 1
or more respiratory specimen types positive for SARS-CoV-2
by RT-PCR and report of any symptom asked about as part
of the study during the 7 days before the first positive respi-
ratory specimen through the last positive respiratory
specimen.

Household level outcomes of interest included the pro-
portion of households with 1 or more SARS-CoV-2 infections
and the household SARS-CoV-2 infection risk among individu-
als in households with 1 or more SARS-CoV-2 infections. The

household infection risk was defined as the cumulative pro-
portion of all household members with SARS-CoV-2 infection
detected within a 14-day period of the first infection(s) de-
tected in each household, inclusive of the first infection(s), di-
vided by the total number of individuals participating in the
study in the affected household.

Clinical outcomes of interest included symptom frequen-
cies, the duration of symptoms, and SARS-CoV-2 viral RNA de-
tection from any respiratory specimen type, outpatient medi-
cally attended infection (including telemedicine and
ambulatory care visits), and hospitalization. The eMethods in
the Supplement provide additional study definitions.

Analytic Populations and Statistical Analysis
Individuals were considered fully enrolled if they met eligi-
bility criteria, consented, and completed core questions on the
enrollment questionnaire. Individuals who were fully en-
rolled and also participated in SARS-CoV-2 infection surveil-
lance by submitting 1 or more respiratory specimens and did
not have a self-reported diagnosis of COVID-19 with labora-
tory confirmation by either molecular or serologic testing prior
to enrollment were included in incidence and infection
analyses.

Incidence rates per 1000 person-weeks for each incident
outcome were calculated with outcomes as the numerator and
person-weeks at risk for events as the denominator (eMethods
in the Supplement). In addition to calculating a crude overall
incidence rate among the cohort, a mean of the age-adjusted
incidence rates at the 2 study sites was calculated to estimate
the mean risk of infection between the 2 sites. Incidence rate
ratios comparing rates among pediatric age groups (0-4 years,
5-11 years, and 12-17 years) with adults (≥18 years) were calcu-
lated using site-adjusted incidence rates. The asymptomatic
fraction of infection was calculated by age group by dividing
incidence rates of asymptomatic infection by rates of any in-
fection. The eMethods in the Supplement provide additional
methods for incidence calculations and sensitivity analyses.

Among individuals with incident SARS-CoV-2 infections,
the frequency of symptoms and features of SARS-CoV-2 in-
fection were compared among children 0 to 17 years and adults
after initial exploratory analysis indicated that findings among
children aged 0 to 4 years, 5 to 11 years, and 12 to 17 years were
similar (eTable 1 in the Supplement). Median duration of SARS-
CoV-2 detection by RT-PCR was estimated among all individu-
als with infections and by age group using nonparametric sur-
vival analyses after accounting for interval censoring. Fisher
exact, χ2, or Wilcoxon rank sum tests were used to test for sta-
tistical significance, as appropriate. We calculated 95% CIs
using standard formulas, assuming a binomial distribution.
Analyses were conducted in SAS version 9.4 (SAS Institute).

Results
Cohort Enrollment
From August 2020 through February 2021, 1361 of 1468 indi-
viduals (91%) in 337 households consented to participation and
were fully enrolled (Figure 1). Among 1361 individuals who were
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fully enrolled, 1298 individuals (95%) contributed 1 or more
respiratory specimens to SARS-CoV-2 surveillance. After ex-
cluding 62 individuals who reported a diagnosis of laboratory-
confirmed SARS-CoV-2 infection before cohort enrollment,
1236 were included in analyses of incidence and clinical char-
acteristics of infection.

Household and Participant Characteristics
The 310 households of participants included in analyses had
a median of 4 (IQR, 3-5) household members (range, 2-10), with
a median of 2 (IQR, 2-2) adults, and 2 (IQR, 1-3) children
(Table 1). Overall, 146 households (47%) reported a house-
hold income level of $100 000 or more per year, and only 22
households (7%) reported an income level below the poverty
line.

Among the 1236 individuals included in analyses, 176 (14%)
were aged 0 to 4 years, 313 (25%) were aged 5 to 11 years, 163
(13%) were aged 12 to 17 years, and 584 (47%) were 18 years or
older (Table 2). Among all individuals, 281 (23%) identified as
Hispanic, and 881 (71%) identified as White and non-
Hispanic. Among adults, 331 (57%) received 1 or more doses
of a COVID-19 vaccine during the study period (110 of 584 par-

tially vaccinated [19%] and 221 of 584 fully vaccinated [38%]).
Among the 652 children aged 0 to 17 years, 462 (71%) at-
tended childcare (n = 129 [20%]) and/or school (n = 416 [64%])
outside the home at some point during cohort participation.
Demographic characteristics of individuals in the study and
the 2 source populations in Utah and New York City are shown
in eTable 2 in the Supplement.

SARS-CoV-2 Incidence and Household Infection Rates
Among the 1236 individuals included in analyses, 443 (36%
[95% CI, 33%-39%]) reported 1 or more episodes of sympto-
matic illness and submitted a respiratory sample for testing,
and 94 of 1236 (8% [95% CI, 6%-9%]) had incident episodes
of RT-PCR–confirmed SARS-CoV-2 infection. There were no
cases of SARS-CoV-2 infection detected solely outside of the
study without detection by study surveillance. There were also
no SARS-CoV-2 infections among participants after vaccina-
tion against COVID-19. As of April 15, 2021, individuals in co-
hort surveillance were followed up for 21 465 person-weeks
(mean [SD] per individual, 17 [9] person-weeks). The median
swab submission adherence rate, defined as the proportion of
surveillance weeks for each participant in which they submit-
ted a swab specimen, was 96% (IQR, 90%-100%). The me-
dian time from flocked nasal swab collection to testing at the
central laboratory was 2 (IQR, 2-3) days. The eFigure in the
Supplement shows SARS-CoV-2 infections detected among the
cohort and through local surveillance during the study
period.

The mean age-adjusted incidence rate of SARS-CoV-2 in-
fection across the 2 study sites was 5.8 (95% CI, 3.1-8.4) per
1000 person-weeks for all infections (eTable 3 in the Supple-
ment). Incidence of any SARS-CoV-2 infection was higher
among the New York City cohort compared with the Utah co-
hort overall (7.7 vs 3.8 per 1000 person-weeks; eTable 3 in the
Supplement). Site-adjusted SARS-CoV-2 infection incidence
rates per 1000 person-weeks by age group were 6.3 (95% CI,
3.6-11.0) for children 0 to 4 years, 4.4 (95% CI, 2.5-7.5) for chil-
dren 5 to 11 years, 6.0 (95% CI, 3.0-11.7) for children 12 to 17
years, and 5.1 (95% CI, 3.3-7.8) for adults (Figure 2; eTables 3
and 4 in the Supplement). The incidence rate ratios compar-
ing children aged 0 to 4 years, 5 to 11 years, and 12 to 17 years
with adults were 1.2 (95% CI, 0.8-2.0; P = .34), 0.9 (95% CI, 0.5-
1.4; P = .55), and 1.2 (95% CI, 0.6-2.3; P = .63), respectively. The
age-adjusted mean incidence rates of symptomatic and asymp-
tomatic SARS-CoV-2 infections across the 2 study sites were
3.5 (95% CI, 2.4-4.6) and 2.1 (95% CI, 0.8-3.3), respectively, re-
sulting in an overall asymptomatic fraction of 36%. The asymp-
tomatic fraction of infection by age group was 52%, 50%, 45%,
and 12% among individuals aged 0 to 4 years, 5 to 11 years, 12
to 17 years, and 18 years or older, respectively.

Among the 310 households participating in surveillance as
of April 15, 2021, 40 (13% [95% CI, 9%-17%]) included 1 or more
persons with SARS-CoV-2 infection during the study period.
Among the 40 households with SARS-CoV-2 infections, 17
(43%) had a single case of infection and 23 (58%) had at least
2 cases of infection occurring within 14 days of each other, in-
cluding 7 households (18%) in which all household members
were infected (household size range, 3-7 individuals). Thirty

Figure 1. Cohort Recruitment, Screening, Consent, and Surveillance
Participation, Coronavirus Household Evaluation and Respiratory
Testing Cohort in Utah and New York City, New York

More than 5000 households contacted

114 Households referred by other participating
households

33 Excluded for refusing screening

2 Excluded for ineligibility

62 Individuals with self-reported diagnosis of
SARS-CoV-2 with laboratory confirmation
before enrollment

357 Households completed screening and
eligible for inclusion

1503 Individuals in eligible households

1470 Individuals screened

1468 Individuals eligible

1361 Individuals consented and fully
enrolled (337 households)

1298 Individuals participating in surveillance
(314 households)a

1236 Individuals in incidence and clinical
characteristics analyses (310 households)

a Surveillance participation was defined as submitted at least 1 weekly or acute
illness respiratory sample.
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of 40 households (75%) with SARS-CoV-2 infections included
an infection in a child aged 0 to 17 years, whereas 28 of 40 (70%)
included an infection in an adult. The mean household infec-
tion risk among individuals in affected households was 52%
(range, 11%-100%). Mean household infection risks were higher
in New York City compared with Utah (80% [95% CI, 64%-
91%] vs 44% [95% CI, 36%-53%]; P < .001).

Characteristics of SARS-CoV-2 Infection Episodes
Among the 94 individuals with incident SARS-CoV-2 infec-
tions from 40 households, 16 (17%) were aged 0 to 4 years, 21
(22%) were aged 5 to 11 years, 14 (15%) were aged 12 to 17 years,
and 43 (46%) were 18 years or older. Overall, 65 individuals
(69%) had symptomatic infection and 29 (31%) were asymp-
tomatic throughout their infections. Among 52 symptomatic
infections with information about symptom onset dates, 15
(27%) were first detected while individuals were still presymp-
tomatic. The median duration of SARS-CoV-2 RNA detection
by RT-PCR was 14 (IQR, 6-15) days, based on weekly and acute
illness swab collection. Among 38 individuals with sympto-
matic illness with information available about illness onset and
end dates, the median duration of symptoms was 14 (IQR, 7-22)
days. Fifteen infections (15 of 65 symptomatic infections [23%]
or 15 of all 94 infections [16%]) resulted in outpatient medical
care, and 2 resulted in hospitalizations; no one died.

Compared with infections among adults, a larger propor-
tion of infections among children aged 0 to 17 years were
asymptomatic (12% [95% CI, 4%-25%] vs 47% [95% CI, 33%-

62%]; P < .001), but there was no difference in the duration
of SARS-CoV-2 RNA detection between the 2 age groups (me-
dian days: 14 vs 13; P = .50). After excluding individuals with
symptomatic infection without information about specific
symptoms (n = 10), measured or subjective fever was infre-
quent among both children and adults (15% [95% CI, 6%-
29%] vs 32% [95% CI, 18%-49%], respectively; Figure 3).

Discussion
Among a cohort of households with adults and children fol-
lowed up during periods of high virus circulation in Utah and
New York City, incidence rates of SARS-CoV-2 infection at the
2 sites were 3.8 and 7.7 per 1000 person-weeks, respectively,
equating to a 0.4% to 0.8% risk of infection per week among
study households. Adults and children of all ages had similar
risks of SARS-CoV-2 infection, but approximately half of SARS-
CoV-2 infections among children were asymptomatic com-
pared with a much smaller fraction among adults. Measured
and subjective fever were infrequent symptoms among both
adults and children, indicating that screening for SARS-
CoV-2 infection based on fever is likely to miss a large propor-
tion of infections. Among households with 1 or more individu-
als with SARS-CoV-2 infection, the mean household infection
risk was 52% (range, 11%-100%), suggesting that households
remain a common site for transmission of SARS-CoV-2. The
mean household infection risk was higher in New York City

Table 1. Baseline Characteristics of 310 Households Enrolled in the Coronavirus Household
Evaluation and Respiratory Testing Study

Characteristic

No. (%)
All households
(N = 310)

New York City, New York
(n = 121)

Utah
(n = 189)

Type of home

Single-family house (detached or attached
to other houses)

182 (59) 1 (1) 181 (96)

Apartment building 122 (39) 115 (95) 7 (4)

Other 1 (<1) 0 (0) 1 (1)

Missing/declined 5 (2) 5 (4) 0 (0)

Household income, $

<25 000 15 (5) 13 (11) 2 (1)

25 000 to <50 000 29 (9) 20 (17) 9 (5)

50 000 to <75 000 44 (14) 18 (15) 26 (14)

75 000 to <100 000 47 (15) 14 (12) 33 (17)

≥100 000 146 (47) 39 (32) 107 (57)

Missing/declined 29 (9) 17 (14) 12 (6)

Household income below the poverty linea

Yes 22 (7) 18 (15) 4 (2)

No 259 (84) 86 (71) 173 (92)

Missing/declined 29 (9) 17 (14) 12 (6)

Median (IQR)

No. of household members 4 (3-5) 4 (3-4) 4 (4-5)

No. of household members aged ≥18 y 2 (2-2) 2 (2-2) 2 (2-2)

No. of household members aged <18 y 2 (1-3) 2 (1-2) 2 (2-3)

Persons/room in the house 0.8 (0.5-1.0) 1.0 (0.8-1.3) 0.6 (0.4-0.7)

Persons/sleeping room in the house 1.5 (1.3-1.7) 1.8 (1.3-2.0) 1.4 (1.2-1.5)

a Calculated based on US Federal
Poverty Guidelines available at
https://aspe.hhs.gov/poverty-
guidelines.
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Table 2. Baseline Characteristics of 1236 Individuals Enrolled in the Coronavirus Household Evaluation
and Respiratory Testing Studya

Characteristic

No. (%)

All participants
(N = 1236)

New York City,
New York
(n = 414) Utah (n = 822)

Age group, y

0-4 176 (14) 58 (14) 118 (14)

5-11 313 (25) 98 (24) 215 (26)

12-17 163 (13) 49 (12) 114 (14)

18-29 38 (3) 17 (4) 21 (3)

29-39 242 (20) 79 (19) 163 (20)

40-49 230 (19) 80 (19) 150 (18)

50-59 58 (5) 26 (6) 32 (4)

≥60 16 (1) 7 (2) 9 (1)

Sex/gender

Male 576 (47) 182 (44) 394 (48)

Female 656 (53) 230 (56) 426 (52)

Nonbinary/third gender 4 (<1) 2 (<1) 2 (<1)

Race and ethnicityb

Black, Non-Hispanic 18 (1) 16 (4) 2 (<1)

Hispanic 281 (23) 234 (57) 47 (6)

White, Non-Hispanic 881 (71) 139 (34) 742 (90)

Missing/declined 9 (1) 7 (1) 2 (<1)

Other, Non-Hispanic 47 (4) 18 (4) 29 (4)

≥1 Medical conditionc 383 (31) 121 (29) 262 (32)

Asthma 177 (14) 53 (13) 124 (15)

Medical conditions besides asthma 262 (21) 79 (19) 183 (22)

Adults (n = 584)

Highest educational level

Less than high school graduation 33 (6) 30 (14) 3 (1)

High school graduation 49 (8) 25 (12) 24 (6)

Some college or technical school 87 (15) 34 (16) 53 (14)

College graduation 402 (69) 109 (52) 293 (78)

Missing/declined 13 (2) 11 (5) 2 (<1)

Pregnant, No./total No. of female participants aged 13-50 yd 9/349 (3) 2/125 (2) 7/224 (3)

Employment and telework status

Employed, teleworking 180 (29) 45 (22) 135 (35)

Employed, not teleworking 242 (41) 69 (33) 173 (45)

Not employed 141 (24) 79 (38) 62 (17)

Missing/declined 21 (3) 16 (8) 5 (1)

Receipt of COVID-19 vaccine during study participatione

Partially vaccinated 110 (19) 31 (15) 79 (21)

Fully vaccinated 221 (38) 71 (34) 150 (40)

Did not receive vaccine 251 (43) 107 (51) 144 (38)

Unknown status 2 (<1) 0 2 (1)

Fully vaccinated status by month, No/.total No. of individuals
fully vaccinatede

January 25/221 (11) 1/71 (1) 24/150 (16)

February 67/221 (30) 19/71 (27) 48/150 (32)

March 69/221 (31) 18/71 (25) 51/150 (34)

April 58/221 (26) 32/71 (45) 26/150 (17)

Unknown month 2/221 (1) 1/71 (1) 1/150 (1)

Children (n = 652)

Childcare outside the home during cohort participation 129/652 (20) 42/205 (20) 87/447 (19)

School outside the home during cohort participation 416/652 (64) 79/205 (39) 337/447 (75)

a All characteristics were ascertained
at enrollment only unless otherwise
specified.

b Race and ethnicity are based on
participant self-report. Participants
who self-identified as Hispanic are
categorized as Hispanic, regardless
of self-reported race. Participants
who self-identified as non-Hispanic
are categorized based on their
self-reported races. The category of
other, non-Hispanic includes
participants who self-identified as
non-Hispanic and Asian, Native
Hawaiian/Pacific Islander, or
multiple races.

c Based on questionnaires that asked
about the following medical
conditions: asthma; chronic lung
diseases other than asthma; chronic
metabolic diseases, such as
diabetes types 1 and 2 and thyroid
disease; blood disorders, such as
thalassemia and sickle cell disease;
hypertension; cardiovascular
diseases; bladder or kidney
diseases; liver diseases;
immunocompromising conditions;
neurologic or neuromuscular
diseases; and rheumatologic
conditions. Among the 1236
participants in this analysis,
17 reported having
immunocompromising conditions,
including
15 adults and 2 children.

d The denominator excludes
individuals with unknown status
(n = 3).

e COVID-19 vaccination status was
based on self-reporting. Vaccination
information was only collected
among adults during the period
included in this analysis. Fully
vaccinated was defined as having
received 2 doses of vaccines with a
recommended 2-dose series or
1 dose of a vaccine for which only a
single dose was recommended.
Partially vaccinated was defined as
receipt of 1 dose of vaccines with a
recommended 2-dose series.
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compared with Utah, which may be attributable to differ-
ences by site in household crowding or preventive behaviors,
community transmission of SARS-CoV-2, or circulating virus
lineages.

To date, data on the community incidence rate of SARS-
CoV-2 infections in the US are sparse. Our study provides in-
fection incidence rates and symptom profiles among adults and
children using a standard approach that allows direct com-
parison across age groups. Our findings suggest that children
and adults have similar incidence rates of SARS-CoV-2 infec-
tion, underscoring the need for rapid evaluation of vaccine ef-
ficacy and safety in children to expand vaccine indications to
younger age groups. We also found that SARS-CoV-2 infec-
tions were more frequently asymptomatic in children

compared with adults, highlighting the need for additional data
on risk of SARS-CoV-2 transmission from persons with asymp-
tomatic infection, including children. To date, published
data22-25 about the risk of SARS-CoV-2 infection transmission
from individuals without symptoms and the comparative risk
of transmission from children vs adults remain mixed. Addi-
tional analyses from this household cohort are planned to ex-
amine transmission from children vs adults by estimating sec-
ondary infection risks using probabilistic modeling approaches
to assign primary case status in households.

Studies that start with identification of infections based on
surveillance or medical testing of individuals with illness symp-
toms are likely to underestimate the true number of infections
because asymptomatic and non–medically attended infections

Figure 2. SARS-CoV-2 Infection Incidences per 1000 Person-Weeks by Site and Age in Utah and New York City,
New York, From September 2020 Through April 2021 (N = 1236)
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Figure 3. SARS-CoV-2 Infection Symptom Status and Symptom Frequency Among Children vs Adults (N = 84)
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with SARS-CoV-2 infection who had
complete information about
symptom status and/or specific
symptoms. Questionnaires for
children younger than 24 months
excluded chills, muscle aches or body
aches, change in taste or smell, sore
throat, joint pain, nausea, abdominal
pain, headache, or chest pain
because these symptoms can be
difficult for caregivers to identify in
younger children who are nonverbal
or less verbal; infections in children
younger than 24 months are
excluded from analyses of these
symptoms in the age group 0 to
17 years. No child younger than 24
months had increased fussiness (data
not shown). There were significant
differences (P < .05) between
children and adults in the frequency
of being symptomatic, being
asymptomatic, having muscle aches,
having chills, having excessive
fatigue, having headaches, having a
cough, having a sore throat, having
nasal congestion/runny nose,
experiencing a change in taste or
smell, having joint pain, and having
eye redness.
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areunderascertained.26 Inthisstudy,allhouseholdmemberswere
prospectively tested using a standard approach that reduces the
potential bias toward identifying symptomatic cases. Overall
SARS-CoV-2 infection incidence rates in our study are consistent
with modeled estimates for the US during February through De-
cember 2020 that attempt to account for underascertainment of
infections that are not identified by testing (4.6-6.2 per 1000
person-weeks for all ages combined), but incidence rates among
children aged 0 through 4 years in our study were higher than
modeled estimates for this age group (2.7-3.8 per 1000 person-
weeks for children aged 0-4 years).27

Limitations
Several limitationsshouldbeconsideredwheninterpretingstudy
findings. First, individuals who participate in studies that require
intensive follow-up likely differ from the general population in
their attitudes toward public health and science, which may in
turn influence behaviors associated with infection risk. If cohort
participants were more likely to adhere to COVID-19 prevention
practices,thenincidenceratesfromthisstudymayunderestimate
community rates of infection. Reporting of positive SARS-CoV-2
test results to participants may also have influenced household
infection prevention behaviors, resulting in reduced secondary
transmission, although reporting lagged behind specimen collec-
tion by at least a few days in all cases. Second, persons of certain
racial and ethnic backgrounds and low-income households were
underrepresented in this cohort, and incidence rates may not be
generalizable to those populations if infection risks vary by race,
ethnicity, or income level because of inequities in social determi-

nants of health. Third, it is possible that some illness symptoms
experiencedbychildrenwithSARS-CoV-2infectionwentuniden-
tified because symptom information was collected from adult
caregivers. However, the same limitation applies to any setting
where children are screened for SARS-CoV-2, since screening of
young children relies on the observation of adult caregivers.

Conclusion
This study quantifies incidence rates and household risk of
SARS-CoV-2 infection among a cohort of households in 2 areas
of the US that were heavily affected by SARS-CoV-2 circula-
tion from September 2020 through April 2021. Incidence rates
of SARS-CoV-2 infection were similar among children and
adults. A larger fraction of SARS-CoV-2 infections in children
were asymptomatic and would likely have gone undetected
without study testing, supporting hypotheses that SARS-
CoV-2 infections among children have been substantially un-
derascertained during the COVID-19 pandemic. It remains un-
clear how risk of SARS-CoV-2 infection among adults and
children will evolve with increasing COVID-19 vaccine up-
take among adults and increasing circulation of SARS-CoV-2
variants of concern. Our findings suggest that SARS-CoV-2 in-
fection prevention strategies, such as handwashing, mask-
ing, physical distancing, and COVID-19 vaccination should tar-
get children in addition to adults to both mitigate individual
health outcomes for children and reduce the overall burden
of SARS-CoV-2 infection in the community.
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