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ABSTRACT
Reduced symptomatology and access to testing in children 
have led to underestimates of paediatric COVID- 19 
prevalence and raised concerns about school safety. To 
explore COVID- 19 prevalence and risk factors in school 
settings, we conducted a SARS- CoV- 2 serosurvey in a 
Vermont, USA school district in December 2020. Among 
336 students (63%) and 196 teachers/staff (37%), 
adjusted seroprevalence was 4.7% (95% CI 2.9 to 
7.2) and was lowest in preK- 5 students (4–10 Years). 
Seroprevalence was 10- fold higher than corresponding 
state PCR data but was low overall with no evidence 
of onward transmissions. These results further support 
feasibility of in- person learning during COVID- 19 with 
appropriate mitigation measures.

At the beginning of the COVID- 19 pandemic, 
near- universal school closures were enacted 
to mitigate spread of SARS- CoV- 2. Early 
studies suggested that children were less 
susceptible to SARS- COV- 2 and less likely to 
transmit.1 However, their high frequency of 
asymptomatic infections2 called into question 
the accuracy of incidence estimates using 
symptom- based testing and the true role of 
paediatric transmission, concerns that heavily 
influenced school reopening debates.

Therefore, we conducted a cross- sectional 
serosurvey to estimate COVID- 19 prevalence 
and risk factors among students and staff 
attending ≥2 days/week of in- person learning 
in Colchester School District (Vermont, 
USA). Patients or the public were not involved 
in study design, conduct, reporting or dissem-
ination. The University of Vermont Insti-
tutional Review Board approved the study. 
All participants/parent provided written 
informed consent and all children ≥grade 
6 provided written assent. Exclusion criteria 
including bleeding or clotting disorder or 
other condition that would preclude safe 
blood collection. Capillary blood collec-
tion via fingerprick was performed 2–19 
December 2020 for detection of serum anti- 
SARS- CoV- 2 IgG using the Mount Sinai two- 
step ELISA, which requires detection of 

antibodies to both receptor binding domain 
and full- length spike protein.3 4 Participants 
completed a self- administered REDCap 
questionnaire to assess risk factors (online 
supplemental materials). At the time of the 
study, state guidelines mandated universal 
masking for all students and staff and physical 
distancing of three feet for pre- Kindergarten 
(pre- K)−6th- grade students and six feet for 
7th–12th- grade students. Seroprevalence with 
95% CIs was calculated using Blaker’s method 
and adjusted for estimated assay sensitivity 
(95%) and specificity (99%) according to 
the formula prevalence

adjusted
 = (prevalence

ob-

served
 +specificity −1)/(sensitivity  +specificity 

− 1).4 5

A total of 532 enrolled participants 
completed antibody measurement: 336 
students (63%) and 196 teachers/staff 
(37%). The participation rate was 18% 
among students, equally distributed across 
age groups and 44% among teachers/staff. 
Overall adjusted seroprevalence was 4.7% 
(95% CI 2.9 to 7.2) and was similar among 
students and teachers/staff (table 1). 
Adjusted seroprevalence was lowest (1.8%, 
95% CI 0.0 to 5.8) in pre- K- 5 students. 527 
participants (99%) completed the question-
naire, including all seropositive individuals. 
95% identified as white race alone, similar to 
Vermont overall (94%). Two teachers/staff 
reported prior COVID- 19, both were sero-
negative. Eighteen participants reported 
prior household COVID- 19 contact between 
March and December 2020; none was sero-
positive. Thirty participants reported close 
non- household COVID- 19 contact, only 
one student was seropositive. No associa-
tions were detected between seropositivity 
and out- of- state travel, sports participa-
tion, group activities or symptomatic illness 
without confirmatory testing. Nearly, all 
(99%) reported that family members wore 
masks ≥75% of the time in public.

In a low- incidence US region, we detected 
low SARS- CoV- 2 seroprevalence among 
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students and staff attending in- person learning mid- 
way through the 2020–2021 academic year. Seroprev-
alence increased with age, consistent with patterns 
of COVID- 19 incidence in US children.6 As observed 
elsewhere, our findings suggest significant (10- fold) 
under- detection of SARS- CoV- 2 infections in US chil-
dren.7 Cumulative incidence in Vermont as calculated 
from census and Vermont Department of Health PCR 
as of December 2020 was 0.46% in children ≤19.8 9 
Our cohort reported few known contacts with SARS- 
CoV- 2- infected individuals, suggesting that missed 
asymptomatic infections may have occurred, even in a 
low- risk population in a low- incidence region. Impor-
tantly, however, our data indicate that such infections 
were not associated with known cases of onward trans-
mission. Of note, our study occurred prior to vaccine 
rollout and significant emergence of the more infec-
tions Alpha and Delta variants. Our study had several 
limitations. Participation was limited to a single school 
district and response rate was low, limiting precision and 
introducing potential selection bias, meaning results 
may not be readily generalisable. We were unable to 
perform antibody measurement before the school year, 
preventing estimation of the timing of infections and 
successful vaccine rollout in 2021 precluded planned 
follow- up assessment. Individuals with waning antibody 
responses may have been missed. Finally, questionnaire 
data are subjected to recall bias. Our results further 
support the global experience demonstrating feasi-
bility, with proper mitigation, of in- person education 
during COVID- 19. Until younger children are eligible 
for vaccination and where community transmission 
remains high or vaccine coverage remains limited, 
mitigation measures remain important to ensure safe 
in- person learning, particularly as more infectious vari-
ants circulate.
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Table 1 SARS- CoV- 2 IgG seroprevalence

  
Total
N Age, years median (IQR)

Seropositive
N

Unadjusted 
seroprevalence % 
(95% CI)

Adjusted 
seroprevalence % 
(95% CI)

Teachers/staff 196 45.1 (36.3–53.4) 11 5.6 (2.9 to 9.8) 4.9 (2.0 to 9.3)

Students 336 12.2 (8.5–14.9) 18 5.4 (3.3 to 8.2) 4.6 (2.5 to 7.7)

  PreK- 5 149 8.3 (6.7–9.8) 4 2.7 (0.9 to 6.5) 1.8 (0.0 to 5.8)

  Grades 6–8 82 13.1 (12.3–13.8) 6 7.3 (3.2 to 14.9) 6.7 (2.4 to 14.8)

  Grades 9–12 105 16.1 (15.1–17.1) 8 7.6 (3.4 to 14.4) 7.0 (2.5 to 14.3)

  Grades 6–12 187 14.6 (13.3–16.3) 14 7.5 (4.4 to 12.1) 6.9 (3.6 to 11.8)

Total 532 – 29 5.5 (3.7 to 7.7) 4.7 (2.9 to 7.2)

N, number; preK, pre- Kindergarten.
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