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Longitudinal virological and serological surveillance is essential 
for understanding severe acute respiratory syndrome 
coronavirus 2 (SARS CoV-2) transmission among children 
but requires increased test capacity. We assessed the uptake 
of serial at-home testing in children (2–17 years) via mailed 
SARS-CoV-2 antibody and molecular tests. Completion rates 
demonstrated the feasibility and sustainability of at-home 
testing across age groups.
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As the coronavirus disease 2019 (COVID-19) pandemic evolves, 
population-based longitudinal virological and serological surveil-
lance is critical to understanding transmission among children 
and informing public health measures. Although virological sur-
veillance is needed for detection of acute severe acute respiratory 
syndrome coronavirus 2 (SARS CoV-2) infection, serological sur-
veillance provides a more accurate estimate of cumulative inci-
dence by tracking infections over time and capturing missed 
infections. The latter is especially important in children, a sub-
stantial portion of whom are mildly symptomatic or asymptom-
atic and may not undergo virological testing [1].

Pediatric seroprevalence studies are advancing our under-
standing of the dynamics of SARS-CoV-2 infections, but 

longitudinal data are lacking due to cross-sectional design 
and reliance on residual serum samples [2, 3]. Increasing test 
capacity to capture such data can be accomplished by at-home 
testing, with its advantages of convenience, reduced health care 
costs, and lower infection prevention risks. To our knowledge, 
the feasibility of serial at-home testing in children, including 
parents’ willingness and ability to obtain specimens, has not 
been thoroughly examined.

We describe serial at-home virological and serological test-
ing in children conducted as part of a syndromic surveillance 
study. Our objective is to demonstrate the acceptability and fea-
sibility of such testing to support future efforts at longitudinal 
surveillance of SARS-CoV-2 in children.

METHODS

The COVID-19 Community Research Partnership (CCRP) is a 
multisite prospective study combining electronic symptom surveil-
lance with at-home testing in adults and children [4]. This analysis 
includes children 2–17 years old enrolled at a large North Carolina 
health care system from April 2 to June 24, 2021. The study was 
approved by a centralized institutional review board.

Parents/guardians of participants consented to symptom 
surveillance alone or combined with at-home serological and 
virological testing; adolescents 13 years and older provided as-
sent. Daily electronic surveys administered by Oracle 
Corporation (Redwood, CA, USA) solicited symptoms of 
COVID-19-like illness, infection with or exposure to 
SARS-CoV-2, and receipt of COVID-19 vaccines.

Participants were shipped up to 8 buccal swab viral tests with 
written and video instructions. Specimens were collected monthly 
or with illness or exposure to SARS-CoV-2 and mailed for testing 
by quantitative reverse transcription polymerase chain reaction 
(PCR; Integrated DNA Technologies, Coralville, IA, USA) target-
ing SARS-CoV-2 N1, RNase P, and ORF1ab (IP2). On the accom-
panying requisition, parents/guardians indicated whether the 
child was symptomatic at the time of collection. Cycle thresholds 
<35 were classified as positive. The sensitivity and specificity for 
N1 were 96.5%/100%, 100%/100% for RNase P, and 100%/100% 
for IP2 in clinical samples. Specimens were considered invalid if 
they were damaged during shipping or if the control target was 
negative, and participants were instructed to submit another 
specimen. Participants were shipped at least 4 serology tests with 
written instructions. Participants downloaded a smartphone 
application for video instructions on use of the immunoglobulin 
(Ig)M/IgG rapid lateral flow immunoassay (Innovita Biological 
Technology, Beijing, China) detecting both (but not differentiating 
between) nucleocapsid and spike proteins. Finger-prick blood was 
placed into a test cassette, and an image of the result was uploaded 

BRIEF REPORT • OFID • 1

mailto:amina.ahmed@atriumhealth.org
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1093/ofid/ofac459


to the app. Sensitivity and specificity (IgG) were 84.5% and 99.0%, 
respectively. Results were considered invalid if the internal control 
line was absent or there was sample streaking on the test strip, and 
participants were instructed to complete another test. Participants 
received results via email or app within 2–5 days for viral results 
and 24–48 hours for antibody results. Serology testing was com-
pleted by October 31, virology testing by November 30, and syn-
dromic surveillance by December 31, 2021.

Testing retention was supported by email reminders to par-
ticipants who did not submit monthly tests. Participants had 
e-mail and telephone access to a call center for troubleshooting. 
Retention was also encouraged by inviting participants to peri-
odic virtual townhalls to share data and solicit feedback.

As the serologic test used did not differentiate between antispike 
and antinucleocapsid antibodies, we analyzed seroprevalence in 
unvaccinated participants only. Seropositive was defined as a pos-
itive IgG on the most recent test result available for a participant 
unvaccinated at the time of testing. We calculated descriptive sta-
tistics for the sample and utilized the Fisher exact test to assess pro-
portional differences in number of at-home tests returned by age 
and vaccination status with Bonferroni post hoc tests to adjust 
for multiple comparisons. P values <.05 were considered statisti-
cally significant; all tests were run in SPSS, version 27.

RESULTS

Of 1501 children enrolled in syndromic surveillance, 1412 
(94.1%) consented to testing; 918 (65%) returned ≥1 valid 

virology specimen, and 745 (52.8%) returned ≥1 valid anti-
body test (Table 1). Among 628 children participating in 
both types of testing, 237 completed ≥1 of each test, 136 
completed ≥2, 113 completed ≥3, and 142 completed ≥4 
of each type of test. Of 2962 virology tests and 2038 serology 
tests submitted, only 38 (1.3%) and 26 (1.3%), respectively, 
were invalid; all but 2 virology and 4 serology tests were 
repeated.

The median age (interquartile range) of participants com-
pleting ≥1 test (viral and/or antibody) was 10 (7–14) years. 
The majority of participants completing either a virology 
(82.5%) or serology (82.0%) test were non-Hispanic White. 
The proportion of those returning ≥1 test who were 2 to 4 years 
of age was significantly lower than the proportion of those age 
5–11 years or 12–17 years (P < .01) (Table 1). The proportions 
completing multiple viral or antibody tests were not signifi-
cantly different than those completing only 1, regardless of 
age category, race, or ethnicity. Of 947 participants providing 
household demographics, 56.3% reported living with a health 
care worker. The proportion of participants completing tests 
did not differ by presence of a health care worker in the house-
hold, regardless of age group.

Only 5 of 918 participants submitting virology specimens 
tested positive by PCR. Of the requisitions submitted with 
2924 valid virology specimens, only 204 (7%) indicated sympto-
matology at the time of collection; 1433 (49%) indicated no 
symptoms, and 1286 (44%) remained uncompleted. As of 
June 15, a total of 46 (18.6%) of 248 unvaccinated children 

Table 1. Frequencies of SARS-CoV-2 Serology and Virology Tests Completed

…

Serology Tests Virology Tests

Tests Completed Tests Completed

No. 1, No. (%) 2, No. (%) 3, No. (%) ≥4, No. (%) No. 1, No. (%) 2, No. (%) 3, No. (%) ≥4, No. (%)

Total 745 246 (33.0) 139 (18.7) 116 (15.6) 244 (32.8) 918 189 (20.6) 179 (19.5) 182 (19.8) 368 (40.1)

Age

2–4 y 100 39 (39.0) 14 (14.0) 16 (16.0) 31 (31.0) 145 34 (23.5) 34 (23.5) 19 (13.1) 58 (40.0)

5–11 y 332 116 (34.9) 60 (18.1) 49 (14.8) 107 (32.2) 414 74 (17.9) 77 (18.6) 94 (22.7) 169 (40.8)

12–17 y 313 91 (29.1) 65 (20.8) 51 (16.3) 106 (33.9) 359 81 (22.6) 68 (18.9) 69 (19.2) 141 (39.3)

Sex at birth

Female 385 122 (31.7) 62 (16.1) 69 (17.9) 132 (34.3) 475 100 (21.1) 86 (18.1) 105 (22.1) 184 (38.7)

Race

White 611 190 (31.1) 113 (18.5) 96 (15.7) 212 (34.7) 757 149 (19.7) 143 (18.9) 153 (20.2) 312 (41.2)

Black 59 24 (40.7) 14 (23.7) 8 (13.6) 13 (22.0) 60 13 (21.7) 14 (23.3) 10 (16.7) 23 (38.3)

Native Hawaiian/Pacific Islander 3 0 (0.0) 1 (33.3) 0 (0.0) 2 (66.8) 3 0 (0.0) 0 (0.0) 1 (33.3) 2 (66.7)

American Indian/Alaska Native 2 0 (0.0) 1 (50.0) 1 (50.0) 0 (0.0) 3 2 (66.7) 1 (33.3) 0 (0.0) 0 (0.0)

Asian 25 11 (44.0) 2 (8.0) 6 (24.0) 6 (24.0) 36 9 (25.0) 9 (25.0) 4 (11.1) 14 (38.9)

Other 29 11 (37.9) 6 (20.7) 5 (17.3) 7 (24.1) 39 11 (28.2) 8 (20.5) 7 (18.0) 13 (33.3)

Ethnicity

Hispanic/Latino 49 19 (38.8) 6 (12.2) 11 (22.5) 13 (26.5) 51 9 (17.7) 7 (13.7) 13 (25.5) 22 (43.1)

Not Hispanic/Latino 679 221 (32.5) 129 (19.0) 105 (15.5) 224 (33.0) 852 178 (20.9) 168 (19.7) 163 (19.1) 343 (40.3)

No. refers to the total number of participants completing either serology or virology tests; No. (%) refers to the number of participants who completed either 1, 2, 3, or ≥4 tests. All column 
proportion differences were nonsignificant.  

Abbreviation: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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were seropositive. Stratified by age, 10.8% (4/37) of 
2–4-year-olds, 11.4% (16/141) of 5–11-year-olds, and 37.1% 
(26/70) of 12–17-year-olds were seropositive. By November 
15, when serology testing was completed, a total of 120 
(22.9%) of 523 unvaccinated children were seropositive 
(18.0% [18/100] of 2–4-year-olds, 14.4% [46/319] of 
5–11-year-olds, and 53.8% [56/104] of 12–17-year-olds).

Figure 1 demonstrates the cadence of virology and serology 
tests submitted during the study. The median percent participa-
tion for syndromic surveillance was 48.0%, with peak engage-
ment at 70%; 49 (3.3%) participants withdrew from the study.

DISCUSSION

To our knowledge, this is the first study to describe successful 
uptake of serial at-home virological and serological testing in 
children and adolescents for the purposes of surveillance. We 
enrolled >1500 children age 2–17 years, a high proportion of 
whom remained engaged in syndromic surveillance for the 
9-month duration. Of those consenting to testing, 65% partic-
ipated in virology and 53% in serology testing. Children age 
2–4 years were less likely to participate in testing than older 
children, but once engaged in testing, the proportion submit-
ting multiple virology or serology tests was similar to the pro-
portion submitting only 1, regardless of age group, race, or 
ethnicity (Table 1). The findings demonstrate the feasibility 
and sustainability of home testing by parents/guardians using 
not only swabs for saliva collection but also finger-prick blood 

collection in children as young as 2 years of age. The ability to 
conduct such serial testing will facilitate longitudinal surveil-
lance during the ongoing COVID-19 pandemic.

Prior studies utilizing viral testing to understand 
SARS-CoV-2 transmission in children have relied on specimen 
collection by health care personnel, which necessitates resourc-
es and infection prevention measures [5, 6]. With the US Food 
and Drug Administration’s (FDA’s) Emergency Use 
Authorization (EUA) of over-the-counter SARS-CoV-2 anti-
gen tests, viral testing is moving into the home and school 
[7, 8, 9]. Although currently used for risk reduction measures, 
home testing is being evaluated for surveillance. The “Say Yes! 
COVID Test” public health intervention, for example, is ex-
ploring implementation of large-scale at-home antigen testing 
in North Carolina [10]. The tests are user-friendly, cost- 
effective, and safe, but there is a paucity of data on acceptability 
and uptake, especially in children. Using written and video in-
structions, we found that at-home saliva collection was easily 
implemented and sustained. Only a few participants tested pos-
itive, which, based on test performance and the low proportion 
reporting symptoms at the time of collection, likely reflects test-
ing not restricted to symptomatic children.

Seroprevalence surveys highlight the underdetection of 
SARS-CoV-2 infections in US children based on viral testing 
alone, with ≥50% of serologically identified infections being 
asymptomatic [2, 6]. With new variants emerging and vaccina-
tions available to children, longitudinal seroprevalence data are 
needed to provide accurate estimates of infection rates, 

Figure 1. Participation in symptom surveillance and SARS-CoV-2 serology and virology testing over time. Blue bars represent number of negative serology results. Yellow 
bars represent number of positive serology results. Gray bars represent number of negative virology results. Red bars represent number of positive virology results. The solid 
brown line represents number of daily symptom surveys completed. Abbreviation: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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immunity, and at-risk populations to better inform public 
health measures. The Ciao Corona study followed seropreva-
lence in Swiss schools to identify clustering and evaluate the ef-
fects of mitigation measures [11]. Only 2 time points were 
evaluated, attributed in part to anxiety provoked by venous sam-
pling in schools. Similar anxiety has been described in other 
studies assessing the feasibility of self-administered finger-prick 
testing [12, 13] and likely explains why a substantial portion of 
our participants consenting to testing did not complete a test. 
However, for those who did participate in testing, the home en-
vironment and parental involvement, support provided by 
study personnel through the call center, and rapid access to re-
sults likely sustained participation, which allowed for longitudi-
nal serosurveillance. To our knowledge, the only study to use 
at-home serological testing in children is the Etude de 
Seroprevalence (EnCORE), targeting schools and daycares in 
Montreal [14]. Unlike our study, only a single blood specimen 
was submitted per participant, with a mean seroprevalence of 
5.8%.

There were a few limitations to our study. Minorities were 
disproportionately underrepresented, underscoring the impor-
tance of recruitment strategies to improve representation. 
However, sustainability of testing was similar regardless of 
race or ethnicity. Neither the viral test nor the antibody test 
used had FDA EUA, but no at-home test had EUA for children 
at the time; thus, test results must be interpreted with caution. 
However, the focus of this study is not diagnostic accuracy but 
rather the feasibility of home testing. Presence of a health care 
worker in the households did not impact testing participation 
but may have enhanced overall engagement. Lastly, a cost- 
effectiveness analysis of home testing compared with testing 
in health care settings was not part of the design of this study 
but would be valuable in assessing the role of home testing in 
future longitudinal SARS-CoV-2 surveillance studies.

Our study demonstrates sustained participation in serial 
at-home testing by children as part of a surveillance study. 
Families were able to not only collect swabs for viral testing 
but also blood, the latter supporting serological surveillance 
to identify the high proportion of missed infections in children. 
Whether used for research or as a public health intervention, 
longitudinal surveillance is crucial to understanding the 
COVID-19 pandemic trajectory in children.
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