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Since identification of SARS-CoV-2 and the ensuing 
pandemic, epidemiologic studies have shown that 

COVID-19 outcomes are less severe among children 
than adults (1–8). Conclusions drawn from published 
studies on COVID-19 prevalence in the pediatric 
population have varied (5,9–16), possibly because of 
differences in mitigation measures, community trans-
mission rates, and case ascertainment practices. Not-
ed trends in the prevalence of SARS-CoV-2 infection 

among children can be affected by population-level 
decisions, such as viral test prioritization and distribu-
tion as well as individual-level test-seeking behavior, 
because the disease in many children is asymptomatic 
or only mildly symptomatic. In addition, societal ef-
fects, such as loss of work for parents and caregivers 
and missed school days if a child tests positive, may 
also affect test-seeking behavior. Those factors can 
lower case ascertainment when relying on reported vi-
ral testing as the primary source of surveillance data, 
resulting in underestimation of disease burden and 
transmission in the pediatric population, and may lead 
to an overestimation of disease severity (17).

The issue of underestimation by disease surveil-
lance systems that rely heavily on diagnostic testing 
and reporting is not specific to SARS-CoV-2. Strate-
gies to improve the accuracy of disease prevalence 
estimates exist, including use of mathematical model-
ing. However, modeling based on more consistently 
reported outcome-based metrics, such as hospitaliza-
tions, can be limited in the ability to describe disease 
prevalence in some subpopulations, especially when 
measured outcomes are rare, as with SARS-CoV-2 
hospitalizations among children. Thus, other mo-
dalities are needed to refine information about SARS-
CoV-2 prevalence among children.

True prevalence of pediatric SARS-CoV-2 infec-
tion may be more accurately measured by using labo-
ratory assays to detect SARS-CoV-2 IgG, compared 
with surveillance systems that rely on viral testing 
(17,18). Few published serosurveys in the United 
States include enough children to adequately describe 
SARS-CoV-2 infection in the pediatric population 
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To compare SARS-CoV-2 antibody seroprevalence among 
children with seropositive confirmed COVID-19 case 
counts (case ascertainment by molecular amplification) 
in Colorado, USA, we conducted a cross-sectional sero-
survey during May–July 2021. For a convenience sample 
of 829 Colorado children, SARS-CoV-2 seroprevalence 
was 36.7%, compared with prevalence of 6.5% according 
to individually matched COVID-19 test results reported to 
public health. Compared with non-Hispanic White children, 
seroprevalence was higher among Hispanic, non-Hispanic 
Black, and non-Hispanic other race children, and case as-
certainment was significantly lower among Hispanic and 
non-Hispanic Black children. This serosurvey accurately 
estimated SARS-CoV-2 prevalence among children com-
pared with confirmed COVID-19 case counts and revealed 
substantial racial/ethnic disparities in infections and case 
ascertainment. Continued efforts to address racial and 
ethnic differences in disease burden and to overcome po-
tential barriers to case ascertainment, including access to 
testing, may help mitigate these ongoing disparities.
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by subgroups. In addition, available state-level mod-
eling data were not designed for subpopulation anal-
ysis within the pediatric population because of rela-
tively low rates of pediatric hospitalization, limiting 
applicability to prevalence comparisons. 

We conducted a cross-sectional serosurvey to 
determine SARS-CoV-2 seroprevalence, seropositive 
case ascertainment, and age and racial/ethnic group 
differences during May–July 2021 in a convenience 
sample of children in Colorado, USA. The Colorado 
Department of Public Health and Environment (CD-
PHE) Communicable Disease Branch determined 
this activity to be consistent with enhanced disease 
surveillance activities, not human subjects research. 
Institutional review board approval was provided by 
the Colorado Multiple Institutional Review Board. In-
formed consent was waived.

Methods

Study Design and Conduct
Our cross-sectional serosurvey tested residual serum 
from a convenience sample of Colorado children 1–17 
years of age from whom blood was collected dur-
ing May 12–July 13, 2021, as part of care in nonsub-
specialty outpatient clinics, urgent care centers, and 
emergency departments within the largest pediatric 
healthcare system in Colorado. We extracted age, sex, 
race, ethnicity, and specimen collection date from the 
electronic medical record. We assigned racial/ethnic 
group according to self-report as Hispanic/any race, 
non-Hispanic White, non-Hispanic Black, non-His-
panic other, and unknown. The non-Hispanic other 
group includes Asian, American Indian or Alaskan 
Native, Native Hawaiian or other Pacific Islander, >1 
race, or other race. The unknown group includes per-
sons for whom race and ethnicity data were not re-
ported. For children included in the study, names and 
dates of birth were matched to the Colorado Immuni-
zation Information System to establish SARS-CoV-2 
vaccination status and to the Colorado COVID-19 
surveillance system to obtain SARS-CoV-2 molecu-
lar amplification test results reported to the CDPHE. 
Children for whom molecular amplification tests 
were positive were considered to have confirmed 
cases of COVID-19, per the Council of State and Ter-
ritorial Epidemiologists surveillance case definition.

Eligibility Criteria and Study Procedure
Residual serum specimens from children 1–17 years 
of age at the time of blood collection were eligible for 
inclusion. To improve generalizability, we excluded 
specimens from subspecialty outpatient clinics (e.g., 

oncology, cardiology). We selected eligible children 
sequentially. After selecting approximately half of the 
1,000 planned specimens, we oversampled from the 
1–4-year age group and non-Hispanic Black children 
to improve representativeness for subgroup analy-
sis. To improve the sensitivity of positive serology 
results as a proxy for previous SARS-CoV-2 infec-
tion and to avoid misclassification error among pre-
viously vaccinated children not previously infected 
(Appendix Table 1, https://wwwnc.cdc.gov/EID/
article/29/5/22-1541-App1.pdf), we excluded from 
final analysis children who had received >1 SARS-
CoV-2 vaccine dose on any date before the serum 
specimen collection date. We also excluded non-Col-
orado residents from the final analysis.

Laboratory Analysis
We tested residual serum specimens for SARS-CoV-2 
nucleocapsid and spike IgG. We analyzed nucleocap-
sid antibodies by using the automated Abbott Alinity 
chemiluminescent microparticle immunoassay (Ab-
bott, https://www.abbott.com). We determined the 
presence or absence of nucleocapsid antibodies by 
comparing the relative light units of the specimen (S) 
to a calibrator (C) and expressed results as an S/C in-
dex. We reported specimens with an S/C index <0.8 
as negative, >1.4 as positive, and >0.8 to 1.3 as border-
line for nucleocapsid antibodies. For purposes of this 
study, borderline results were considered negative.

We analyzed spike antibodies by using the quali-
tative Euroimmun ELISA Kit EI 2606–9601 (Euroim-
mun, https://www.euroimmun.com), which uses 
the S1 domain of the SARS-CoV-2 spike protein. We 
added specimens diluted 1:101 with dilution buffer, 
positive and negative controls, and kit-specific cali-
brator to SARS-CoV-2 S1 antigen precoated wells. We 
performed the ELISA according to the manufacturer’s 
specifications and read the final color development at 
optical density 450 nm (OD450). We interpreted results 
based on the ratio of the specimen OD450 to the cali-
brator OD450; specimens with a ratio of <0.8 were re-
ported as negative, >1.1 as positive, and >0.8 to <1.1 
as borderline for spike antibodies. For purposes of 
this study, we considered borderline results negative.

We established sensitivity and specificity of the 
Abbott and Euroimmun assays by using serum speci-
mens with SARS-CoV-2 positivity confirmed by PCR 
and prepandemic specimens that had been collected 
before November 2019. According to our data, sensi-
tivity of the Euroimmun assay was 92% and specific-
ity 97%. We verified the manufacturer-stated sensitiv-
ity of the Abbott Alinity of 96.7% and specificity of 
99% (19).
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Reported viral tests used in the analysis included 
any molecular amplification test before the serum 
specimen collection date for each person. All viral 
test samples were collected, interpreted, and reported 
outside the context of this study.

Statistical Analyses
We calculated descriptive characteristics, including 
counts and proportions with 95% CIs. We calculated 
SARS-CoV-2 seroprevalence by dividing the number 
of specimens positive for nucleocapsid IgG, spike IgG, 
or both by the total number of specimens tested among 
the sample of unvaccinated children (Appendix Table 
2). We selected this method of calculating seropreva-
lence because it provides the most sensitive estimate of 
previous infection. To calculate sample prevalence of 
SARS-CoV-2 infection determined by confirmed cases 
reported to public health, we divided the number of 
persons with >1 positive molecular amplification test 
result preceding the serum specimen collection date by 
the total number of serum specimens tested. We includ-
ed children with >1 previous positive molecular ampli-
fication test result only once. We calculated seropositive 
case ascertainment as the number of seropositive per-
sons identified as confirmed cases reported to public 
health divided by the number of seropositive persons. 
We calculated multiplication factors, or the number of 
infections estimated per reported case, as the inverse of 
case ascertainment and prevalence ratios by racial/eth-
nic and age groups for serology results and case ascer-
tainment. We analyzed differences in time between first 
positive viral test sample collection and serology sample 
collection stratified by serology test results by using Wil-
coxon/Mann-Whitney testing. We conducted statistical 
analyses by using R version 4.1.1 (The R Foundation for 
Statistical Computing, https://www.r-project.org) and 
set statistical significance at p<0.05.

Results

Descriptive Characteristics
We collected 940 unique residual serum specimens 
for the study. We excluded 78 from children who 
had received >1 SARS-CoV-2 vaccine doses before 
specimen collection and 33 from children identified 
as non-Colorado residents. Among the 829 children 
included, 422 (50.9%) were female, and the median 
age was 9 (range 1–17) years (Table 1).

SARS-CoV-2 Seroprevalence
Overall SARS-CoV-2 seroprevalence was 36.7% (95% 
CI 33.4%–40.1%) (Table 2). Seroprevalence across 
racial/ethnic groups was highest among Hispanic 

children at 49.8% (95% CI 43.9%–55.8%), followed by 
non-Hispanic Black at 37.7%, (95% CI 28.5%–47.7%) 
and non-Hispanic other race children at 35.4% (95% 
CI 26.0%–45.6%). Seroprevalence ratios showed high-
er seroprevalence for Hispanic (2.01 [95% CI 1.59–
2.53]), non-Hispanic Black (1.52 [95% CI 1.11–2.08]), 
and non-Hispanic other race children (1.42 [95% CI 
1.02–1.99]) than for non-Hispanic White children (ref-
erent group). Seroprevalence across age groups was 
39.0% (95% CI 32.9%–45.3%) for children 1–4 years 
of age, 32.3% (95% CI 27.0%–38.0%) for children 5–11 
years of age, and 39.2% (95% CI 33.4%–45.2%) for 
children 12–17 years of age. We found no statistically 
significant difference between age groups.

Sample SARS-CoV-2 Prevalence Determined  
by Confirmed Case Counts 
Overall sample SARS-CoV-2 prevalence, determined 
by confirmed case counts reported to public health, was 
6.5% (95% CI 4.9%–8.4%) (Appendix Table 3). Across 
racial/ethnic groups, SARS-CoV-2 prevalence by con-
firmed case counts was 7.6% (95% CI 4.8%–11.3%) for 
non-Hispanic White, 6.6% (95% CI 4.0%–10.2%) for 
Hispanic, and 3.8% (95% CI 1.0%–9.4%) for non-His-
panic Black children. Across age groups, SARS-CoV-2 
prevalence by confirmed case counts was 5.1% (95% CI 
2.8%–8.6%) for children 1–4 years of age, 7.4% (95% CI 
4.7%–11.0%) for children 5–11 years of age, and 6.8% 
(95% CI 4.2%–10.5%) for children 12–17 years of age.

Seropositive Case Ascertainment and  
Multiplication Factors
Seropositive case ascertainment in the overall study 
population was 16% with a multiplication factor of 6 
(Table 3). Seropositive case ascertainment was high-
est among non-Hispanic White children (26.4% with 
multiplication factor of 4), followed by Hispanic 
(13.3%, multiplication factor of 8) and non-Hispanic 
Black children (7.5%, multiplication factor of 13). 
Seropositive case ascertainment prevalence ratios 
showed lower seropositive case ascertainment for 
Hispanic (0.50 [95% CI 0.28–0.89]) and non-Hispanic 
Black (0.28 [95% CI 0.09–0.90]) children than for non-
Hispanic White children. Seropositive case ascertain-
ment across age groups ranged from a high of 21.9% 
for the 5–11-year age group to a low of 13.1% for the 
1–4-year age group. Case ascertainment prevalence 
ratios across age groups did not differ statistically.

Spike Versus Nucleocapsid IgG Results
Of the 54 children with a previous reported positive 
SARS-CoV-2 viral test result, 36 (66.7%) were seroposi-
tive for both spike and nucleocapsid IgG, 13 (24.1%) 
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for spike IgG only, 4 (7.4%) for spike and nucleocap-
sid IgG, and 1 (1.9%) for nucleocapsid IgG only. The 
average interval between the time of the first positive 
SARS-CoV-2 viral test specimen collection and serum 
specimen collection was 116 days for those seropositive 
for spike and nucleocapsid IgG and 191 days for those 
seropositive for spike IgG only (p = 0.005) (Figure 1).

Discussion
In this convenience sample of residual serum collect-
ed from Colorado children 1–17 years of age during 
spring/summer 2021, seroprevalence of SARS-CoV-2 
IgG was 36.7%. Our results show higher seropreva-
lence than that found from rounds 20 and 21 of the 
nationwide antibody seroprevalence survey (https://
covid.cdc.gov/covid-data-tracker/#national-lab), 
the only contemporaneous rounds with an estimate 
for seroprevalence among children, which estimated 
seroprevalence of 13.4% (95% CI 6.2%–23.8%) for 
round 20 and 17.5% (95% CI 12.4%–22.8%) for round 

21 (20). A few factors may explain those differences: 
the nationwide surveys were conducted just before 
and during the first few weeks of our study, the na-
tionwide survey used a different nucleocapsid assay 
and did not test for spike antibodies, and the relative-
ly small pediatric populations in these convenience 
samples may demographically differ from those in 
our sample. In addition, although adjusted rates, 
such as those calculated in the nationwide survey, are 
comparable to other similarly adjusted rates across 
different populations, they may not be comparable 
to unadjusted rates such as those in our study. How-
ever, results for round 25, conducted a few months af-
ter the conclusion of our sample selection, was much 
more consistent with our results: seroprevalence of 
40.1% (95% CI 33.7%–46.6%).

Among our study cohort, SARS-CoV-2 prevalence 
determined by positive molecular amplification test-
ing was only 6.5% and seropositive case ascertainment 
was 16%. This finding indicates a potential underes-
timation of cases among this pediatric population by 
84% when relying solely on confirmed case counts, ei-
ther because of underascertainment or underreporting. 
If the unadjusted study results were generalized to the 
larger Colorado pediatric population, confirmed case 
counts statewide could require a multiplication factor 
of 6 to more accurately reflect the prevalence of SARS-
CoV-2 infection among children. This result is consis-
tent with findings from other states that showed mul-
tiplication factors from 4.7 to 8.9 during a similar time 
frame (21). Our results may represent opportunities to 
improve individual-level awareness of SARS-CoV-2 
infection and increase mitigation measures, including 
isolation and quarantine. On a population level, our re-
sults can be used to corroborate modeled SARS-CoV-2 
prevalence estimates based on hospitalization rates.

In addition, we found statistically significant 
differences in seroprevalence and seropositive case  

 
Table 1. Descriptive characteristics of children included in 
seroprevalence and case ascertainment analyses, Colorado, 
USA, May 12–July 13, 2021* 
Characteristic No. (%) Median age (IQR) 
Total population 829 9 y (3–14) 
 Female sex 422 (50.9) NA 
 Male sex 405 (48.9) NA 
Racial/ethnic group   
 Non-Hispanic White 290 (35.0) 8 (3.8–12) 
 Hispanic all races 287 (34.6) 10 (4–14) 
 Non-Hispanic Black 106 (12.8) 10.5 (3–14) 
 Non-Hispanic other† 99 (11.9) 8 (3–12) 
 Unknown‡ 47 (5.7) 7 (2–13) 
Age group, y   
 1–4 254 (30.6) NA 
 5–11 297 (35.8) NA 
 12–17 278 (33.5) NA 
*IQR, interquartile range; NA, not applicable. 
†Includes persons self-reported as not Hispanic or Latino and Asian, 
American Indian or Alaskan Native, Native Hawaiian or other Pacific 
Islander, >1 race, or other race. 
‡Includes persons for whom race and ethnicity data were not reported. 

 

 
Table 2. SARS-CoV-2 serology results, seroprevalence, and seroprevalence ratios by racial/ethnic and age group, Colorado, USA, 
May 12-July 13, 2021* 

Group 
Serology results, no. 

Seroprevalence, % (95% CI) Seroprevalence ratio (95% CI) Seronegative Seropositive† 
Total 525 304 36.7 (33.4–40.1) NA 
Race/ethnicity     
 Non-Hispanic White 218 72 24.8 (20.0–30.2) Referent 
 Hispanic all races 144 143 49.8 (43.9–55.8) 2.01 (1.59–2.53)‡ 
 Non-Hispanic Black 66 40 37.7 (28.5–47.7) 1.52 (1.11–2.08)‡ 
 Non-Hispanic other 64 35 35.4 (26.0–45.6) 1.42 (1.02–1.99)‡ 
 Unknown 33 14 29.8 (17.3–44.9) 1.20 (0.74–1.94) 
Age, y     
 1–4 155 99 39.0 (32.9–45.3) Referent 
 5–11 201 96 32.3 (27.0–38.0) 0.83 (0.66–1.04) 
 12–17 169 109 39.2 (33.4–45.2) 1.01 (0.81–1.24) 
*NA, not applicable. 
†Seropositivity determined by presence of spike and/or nucleocapsid IgG.  
‡Significant at p<0.05. 
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ascertainment across racial/ethnic groups. Com-
pared with non-Hispanic White children, seropreva-
lence was significantly higher among Hispanic and 
non-Hispanic Black children, indicating higher rates 
of previous SARS-CoV-2 infection, consistent with 
results of several published studies on molecular 
test positivity and seroprevalence studies in adults 
(11,22–27). Our study also found that seropositive 
case ascertainment was lower among Hispanic and 
non-Hispanic Black children than among non-His-
panic White children; cases were detected in Hispanic 
children half as often as in non-Hispanic White chil-
dren, and cases in non-Hispanic Black children were 
detected less than one third as often as in non-His-
panic White children. This disparity is supported by 
studies showing reduced rates of testing in many ra-
cial/ethnic minority groups (22,27). Our results show 
that reliance on reported case counts would lead to 
the erroneous assumption that rates of SARS-CoV-2 
infection in the study period were highest among 
non-Hispanic White children. Those results further 
demonstrate the value of complementary surveil-
lance mechanisms such as serologic and wastewater 
testing that can avoid testing and reporting biases.

Seroprevalence measured in our study reflects in-
fections among children occurring during the 2020–21 
school year and early summer before the peaks of the 
Delta and Omicron variants in Colorado. During that 
period, several school-based SARS-CoV-2 mitigation 
measures were mandatory in Colorado (e.g., masking 
and classroom cohorting), and in-person learning was 
interspersed with remote learning for intermittent 
school closures or hybrid learning models. Despite 
those measures and questions of whether children 
were at lower risk for infection with and transmis-
sion of SARS-CoV-2, compared with reported vi-
ral test results, our study shows that SARS-CoV-2  

prevalence among children was higher. Those findings 
may have broad implications for estimating the sever-
ity of SARS-CoV-2 among children, levels of potential 
immunity, and the effectiveness of various mitigation 
measures in the pediatric population, and they may 
help guide future public health recommendations.

Our study did not evaluate causal mechanisms 
for the observed racial/ethnic disparities in previous 
SARS-CoV-2 infection or seropositive case ascertain-
ment. However, those findings could be explained by 
the existing literature, which suggests differences in 
risk for exposure to SARS-CoV-2 because of occupa-
tion or living setting, test-seeking behavior, underly-
ing health and healthcare disparities, or differential 
barriers to viral testing (22,28). Despite extensive ef-
forts at the federal, state, and local levels to improve 
access to free SARS-CoV-2 testing throughout Colo-
rado during the study period, some barriers to access 
(e.g., time and transportation) may persist in some 
communities. In addition, differences in individual 
factors (e.g., perceived vulnerability and variability 
in access to childcare) could guide testing-seeking 
behaviors. The discrepancy between the number of 
seropositive children with any prior test (162, 53.3%; 

 
Table 3. Previously reported positive SARS-CoV-2 viral diagnostic testing, seropositive case ascertainment, and multiplication factors 
by racial/ethnic and age group among seropositive children, Colorado, May 12–July 13, 2021* 

Group 
Previous 

positive result 
Case ascertainment, % 

(95% CI)† 
Case ascertainment 

prevalence ratio (95% CI) Multiplication factor‡ 

Total 50 16.4 (12.5–21.1) NA 6 
Race/ethnicity     
 Non-Hispanic White 19 26.4 (16.7–38.1) Referent 4 
 Hispanic all races 19 13.3 (8.2–20.0) 0.50 (0.28–0.89§ 8 
 Non-Hispanic Black 3 7.5 (1.6–20.4) 0.28 (0.09–0.90)§ 13 
 Non-Hispanic other 6 17.1 (6.6–33.7) 0.65 (0.28–1.48) 6 
 Unknown 3 21.4 (4.7–50.8) 0.81 (0.28–2.38) 5 
Age, y     
 1–4 13 13.1 (7.2–21.4) Referent 8 
 5–11 21 21.9 (14.1–31.5) 1.67 (0.89–3.13) 5 
 12–17 16 14.7 (8.6–22.7) 1.12 (0.57–2.21) 7 
*NA, not applicable. 
†Case ascertainment calculated as the number of previous positive tests among seropositive children divided by the total number of seropositive children. 
‡Multiplication factor calculated as the number of seropositive cases divided by the number of previous positive tests, also known as the inverse of case 
ascertainment.  
§Statistically significant at p<0.05. 

 

Figure 1. Days between first positive diagnostic test result and 
sample collection for serology testing for SARS-CoV-2 IgG, 
Colorado, USA, May 12–July 13, 2021. N, nucleocapsid; S, spike.
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Appendix Table 3) and the number with previous 
positive test results (50, 16.4%) suggests that timing 
of viral testing or changes in access over time may 
also complicate case identification efforts. That 53% 
of seropositive persons had been previously tested 
but only 16% ever received a positive test result sug-
gests that access to testing is necessary but not suf-
ficient for identifying cases. The overall number of 
previous tests was skewed toward zero across all ra-
cial/ethnic and age groups; however, each group had 
outliers with high numbers of prior testing (Figure 
2). The only group with a median number of tests >0 
was non-Hispanic White children. To improve case 
finding within this population, greater knowledge 
of drivers for and access to viral testing is needed. 
Among children, for whom cases are often asymp-
tomatic or mildly symptomatic, pursuing regular 
screening and postexposure testing may be needed 
to improve case ascertainment or better incorporate 
pediatric specimens in serosurveys to provide more 
information about disease prevalence. These consid-
erations may also apply to other populations with 
largely asymptomatic illness, possible future SARS-
CoV-2 variants that may cause fewer symptoms, or 
emergence of novel respiratory viruses with similar 
symptoms in children.

Results from this study are also consistent with 
literature suggesting that the SARS-CoV-2 spike IgG 
response may be more durable than the nucleocapsid 
IgG response because children who were spike IgG 
positive but nucleocapsid IgG negative were further 
from their positive test result at the time of serum sam-
pling (29–34). As with any laboratory test, knowledge 
of the test characteristics, including seroreversion over 
time in the case of serology tests, is relevant for study 
design and interpreting results. The differential kinet-
ics of IgG response after SARS-CoV-2 infection require 
further study, should inform serosurveillance efforts, 

and may complicate the ability to estimate SARS-
CoV-2 prevalence among vaccinated populations.

Among the limitations of this study, the use of 
reported COVID-19 PCR and other molecular viral 
testing may miss some positive results from viral 
tests, such as antigen tests and testing performed out 
of state. However, during the study period, antigen 
tests were not widely available in Colorado, and mo-
lecular tests were the recommended test for schools. 
Free testing services provided by the state throughout 
Colorado used PCR testing, as did other large testing 
providers serving schools during the study period. 
Similarly, use of the Colorado Immunization Infor-
mation System to determine vaccination status might 
lead to misclassification of some children as unvacci-
nated, although the time between specimen collection 
and data analysis should greatly limit the potential 
for missing vaccine data.

Second, unadjusted results from the study conve-
nience sample may not be generalizable to other pe-
diatric populations. Exclusion of previously vaccinat-
ed children could introduce some bias because only 
certain age groups were eligible for vaccination and 
vaccinated children may differ in relevant ways from 
their unvaccinated peers. Specifically, half of exclud-
ed vaccinees were non-Hispanic White children, and 
all were 12–17 years of age. However, we believe that 
exclusion of this group (Appendix Table 1) is likely 
to bias the sample toward the null and may lead to 
underestimation of the disparities noted. Although 
residence was not included in the study, this conve-
nience sample may overrepresent children from the 
Denver-metro area, who account for a larger percent-
age of the patient population in this healthcare sys-
tem, reducing generalizability. Because specimens 
were selected from children within a large pediatric 
healthcare system, this study cohort may represent 
children with greater access to care and families who 
are more likely to seek care, which could be associ-
ated with fewer barriers to testing. This population 
may also have a greater number of underlying health 
conditions, although our study sought to limit some 
of this bias by excluding children from subspecialty 
care clinics, which could lead to higher case ascer-
tainment in this than in other populations. Similarly, 
SARS-CoV-2 positivity may be higher in the study co-
hort because symptomatic children seeking care and 
for whom providers ordered serum-based laboratory 
tests may be overrepresented, which could lead to 
higher seroprevalence.

Third, because of low numbers of members of 
certain racial/ethnic groups, including children 
in the non-Hispanic Asian, American Indian or  

Figure 2. Boxplots showing number of previous tests, by 
racial/ethnic and age groups, among 829 children included in 
seroprevalence and case ascertainment analyses, Colorado, 
USA, May 12–July 13, 2021. NH, non-Hispanic.
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Alaskan Native, Native Hawaiian or other Pacific 
Islander, >1 race, or other race categories, we were 
unable to analyze completely disaggregated racial/
ethnic groups. This limitation is notable because 
there are known health disparities in some of the ag-
gregated racial/ethnic groups, and a sample pow-
ered for analysis of these groups may identify simi-
lar disparities in SARS-CoV-2 serologic results and 
case ascertainment.

Last, seroconversion is an imperfect proxy for 
measuring disease prevalence because not all persons 
seroconvert after SARS-CoV-2 infection, and some 
literature suggests that rates of seroconversion may 
be lower or that antibody waning after infection may 
be more rapid for children or those with asymptom-
atic or mild illness (34–38). However, because some 
data on this issue are conflicting, the potential effect 
on our results is unclear (39). Similarly, the exact test 
characteristics over time for the assays used are not 
well known.

Strengths of the study include our ability to indi-
vidually match serologic results to associated vacci-
nation and reported test results, which enabled us to 
make direct comparisons and avoids ecological falla-
cy, which can arise when inferring information about 
individuals based on results from population-based 
data. Also, oversampling of children 1–4 years of age 
and Black children improved the representativeness 
of our sample across subgroups, which enabled a 
more nuanced analysis of racial/ethnic differences in 
serologic results and case ascertainment. 

In conclusion, before the Delta variant peak, we 
found evidence of previous SARS-CoV-2 infection in 
more than one third of Colorado children 1–17 years 
of age based on seroprevalence, despite far fewer 
confirmed cases in this study population. Repeat-
ing this analysis after the Delta and Omicron variant 
peaks would be prudent. Racial/ethnic disparities 
identified in this pediatric population are consistent 
with trends identified among adults; higher serop-
revalence, lower rates of reported viral testing, and 
lower seropositive case ascertainment were found 
among Hispanic and Non-Hispanic Black children 
than among non-Hispanic White children. Continued 
efforts to address racial/ethnic differences in illness 
burden and potential barriers to viral testing in pedi-
atric populations are warranted.

Acknowledgments
We thank Gillian Andersen, Alice Campbell, Leah Huey, 
Patricia A. Merkel, and Amanda Pierce for assistance with 
specimen procurement and testing at the Children’s  
Hospital of Colorado laboratory.

About the Author
Dr. O’Brien is a preventive medicine physician and medical 
epidemiologist working for the CDPHE in Denver. Her  
research interests focus on issues at the intersection of public 
health and clinical medicine, including cancer prevention, 
communicable disease response, and immunization.

References
  1. Bialek S, Gierke R, Hughes M, McNamara LA, Pilishvili T, 

Skoff T; CDC COVID-19 Response Team. Coronavirus 
disease 2019 in children—United States, February 12–April 
2, 2020. MMWR Morb Mortal Wkly Rep. 2020;69:422–6. 
https://doi.org/10.15585/mmwr.mm6914e4

  2. Dong Y, Mo X, Hu Y, Qi X, Jiang F, Jiang Z, et al. Epidemiology 
of COVID-19 among children in China. Pediatrics. 
2020;145:e20200702. https://doi.org/10.1542/peds.2020-0702

  3. Gaythorpe KAM, Bhatia S, Mangal T, Unwin HJT, Imai N, 
Cuomo-Dannenburg G, et al. Children’s role in the  
COVID-19 pandemic: a systematic review of early  
surveillance data on susceptibility, severity, and  
transmissibility. Sci Rep. 2021;11:13903. https://doi.org/ 
10.1038/s41598-021-92500-9

  4. Mehta NS, Mytton OT, Mullins EWS, Fowler TA, Falconer CL, 
Murphy OB, et al. SARS-CoV-2 (COVID-19): what do we 
know about children? A systematic review. Clin Infect Dis. 
2020;71:2469–79. https://doi.org/10.1093/cid/ciaa556

  5. Molteni E, Sudre CH, Canas LS, Bhopal SS, Hughes RC, 
Antonelli M, et al. Illness duration and symptom profile in 
symptomatic UK school-aged children tested for  
SARS-CoV-2. Lancet Child Adolesc Health. 2021;5:708–18. 
https://doi.org/10.1016/S2352-4642(21)00198-X

  6. Rankin DA, Talj R, Howard LM, Halasa NB. Epidemiologic 
trends and characteristics of SARS-CoV-2 infections among 
children in the United States. Curr Opin Pediatr. 2021;33:114–
21. https://doi.org/10.1097/MOP.0000000000000971

  7. Williams PCM, Howard-Jones AR, Hsu P, Palasanthiran P, 
Gray PE, McMullan BJ, et al. SARS-CoV-2 in children:  
spectrum of disease, transmission and immunopathological 
underpinnings. Pathology. 2020;52:801–8. https://doi.org/ 
10.1016/j.pathol.2020.08.001

  8. Zimmermann P, Curtis N. COVID-19 in children,  
pregnancy and neonates: a review of epidemiologic and 
clinical features. Pediatr Infect Dis J. 2020;39:469–77.  
https://doi.org/10.1097/INF.0000000000002700

  9. Comar M, Benvenuto S, Lazzerini M, Fedele G, Barbi E, 
Amaddeo A, et al. Prevalence of SARS-CoV-2 infection in 
Italian pediatric population: a regional seroepidemiological 
study. Ital J Pediatr. 2021;47:131. https://doi.org/10.1186/
s13052-021-01074-9

10. Espenhain L, Tribler S, Sværke Jørgensen C, Holm Hansen 
C, Wolff Sönksen U, Ethelberg S. Prevalence of SARS-CoV-2 
antibodies in Denmark: nationwide, population-based 
seroepidemiological study. Eur J Epidemiol. 2021;36:715–25. 
https://doi.org/10.1007/s10654-021-00796-8

11. Hobbs CV, Drobeniuc J, Kittle T, Williams J, Byers P, 
Satheshkumar PS, et al.; CDC COVID-19 Response Team. 
Estimated SARS-CoV-2 seroprevalence among persons aged 
<18 years—Mississippi, May–September 2020. MMWR Morb 
Mortal Wkly Rep. 2021;70:312–5. https://doi.org/10.15585/
mmwr.mm7009a4

12. Keuning MW, Grobben M, de Groen AC, Berman-de Jong EP, 
Bijlsma MW, Cohen S, et al. Saliva SARS-CoV-2 antibody 
prevalence in children. Microbiol Spectr. 2021;9:e0073121. 
https://doi.org/10.1128/Spectrum.00731-21



RESEARCH

936 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 29, No. 5, May 2023

13. Rytter MJH, Nygaard U, Mandic IN, Glenthøj JP, Schmidt LS, 
Cortes D, et al. Prevalence of SARS-CoV-2 antibodies in  
Danish children and adults. Pediatr Infect Dis J. 2021;40: 
e157–9. https://doi.org/10.1097/INF.0000000000003048

14. Thamm R, Buttmann-Schweiger N, Fiebig J, Poethko-Müller C, 
 Prütz F, Sarganas G, et al. Seroprevalence of SARS-CoV-2 
among children and adolescents in Germany—an overview 
[in German]. Bundesgesundheitsblatt Gesundheitsforschung 
Gesundheitsschutz. 2021;64:1483–91. 

15. Tönshoff B, Müller B, Elling R, Renk H, Meissner P, Hengel H, 
et al. Prevalence of SARS-CoV-2 infection in children 
and their parents in southwest Germany. JAMA Pediatr. 
2021;175:586–93. https://doi.org/10.1001/jamapediatrics. 
2021.0001

16. Zinszer K, McKinnon B, Bourque N, Pierce L, Saucier A,  
Otis A, et al. Seroprevalence of SARS-CoV-2 antibodies 
among children in school and day care in Montreal, Canada. 
JAMA Netw Open. 2021;4:e2135975. https://doi.org/ 
10.1001/jamanetworkopen.2021.35975

17. Gibbons CL, Mangen MJ, Plass D, Havelaar AH, Brooke RJ, 
Kramarz P, et al.; Burden of Communicable Diseases in 
Europe (BCoDE) Consortium. Measuring underreporting 
and under-ascertainment in infectious disease datasets: a 
comparison of methods. BMC Public Health. 2014;14:147. 
https://doi.org/10.1186/1471-2458-14-147

18. Centers for Disease Control and Prevention. COVID-19  
serology surveillance strategy [cited 2022 Jan 30].  
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/
serology-surveillance/index.html

19. Tacker DH, Bashleben C, Long TC, Theel ES, Knight V, 
Kadkhoda K, et al. Interlaboratory agreement of severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) serologic 
assays in the expedited College of American Pathologists 
Proficiency Testing Program. Arch Pathol Lab Med. 
2021;145:536–42. https://doi.org/10.5858/arpa.2020-0811-SA

20. Centers for Disease Control and Prevention. COVID data 
tracker [cited 2023 Mar 3]. https://covid.cdc.gov/ 
covid-data-tracker

21. Couture A, Lyons BC, Mehrotra ML, Sosa L, Ezike N,  
Ahmed FS, et al. Severe acute respiratory syndrome 
coronavirus 2 seroprevalence and reported coronavirus 
disease 2019 cases in US children. Open Forum Infect Dis. 
2022;9:ofac044. https://doi.org/10.1093/ofid/ofac044

22. Brandt K, Goel V, Keeler C, Bell GJ, Aiello AE, Corbie-Smith G, 
et al. SARS-CoV-2 testing in North Carolina: racial, ethnic, 
and geographic disparities. Health Place. 2021;69:102576. 
https://doi.org/10.1016/j.healthplace.2021.102576

23. Goyal MK, Simpson JN, Boyle MD, Badolato GM, Delaney M, 
McCarter R, et al. Racial and/or ethnic and socioeconomic 
disparities of SARS-CoV-2 infection among children.  
Pediatrics. 2020;146:e2020009951. https://doi.org/10.1542/
peds.2020-009951

24. Inagaki K, Garg P, Hobbs CV. SARS-CoV-2 positivity rates 
among children of racial and ethnic minority groups in  
Mississippi. Pediatrics. 2021;147:e2020024349.  
https://doi.org/10.1542/peds.2020-024349

25. Jones JM, Stone M, Sulaeman H, Fink RV, Dave H, Levy ME, 
et al. Estimated US infection- and vaccine-induced  
SARS-CoV-2 seroprevalence based on blood donations, July 
2020-May 2021. JAMA. 2021;326:1400–9. https://doi.org/ 
10.1001/jama.2021.15161

26. Kugeler KJ, Podewils LJ, Alden NB, Burket TL, Kawasaki B, 
Biggerstaff BJ, et al. Assessment of SARS-CoV-2 seroprevalence 
by community survey and residual specimens, Denver,  
Colorado, July-August 2020. Public Health Rep. 2022; 
137:128–36. https://doi.org/10.1177/00333549211055137

27. Saatci D, Ranger TA, Garriga C, Clift AK, Zaccardi F,  
Tan PS, et al. Association between race and COVID-19 
outcomes among 2.6 million children in England. JAMA 
Pediatr. 2021;175:928–38.  https://doi.org/10.1001/ 
jamapediatrics.2021.1685

28. Smitherman LC, Golden WC, Walton JR. Health disparities 
and their effects on children and their caregivers during the 
coronavirus disease 2019 pandemic. Pediatr Clin North Am. 
2021;68:1133–45. https://doi.org/10.1016/j.pcl.2021.05.013

29. Fenwick C, Croxatto A, Coste AT, Pojer F, André C,  
Pellaton C, et al. Changes in SARS-CoV-2 spike versus  
nucleoprotein antibody responses impact the estimates of  
infections in population-based seroprevalence studies.  
J Virol. 2021;95:e01828–20. https://doi.org/10.1128/
JVI.01828-20

30. Gallais F, Gantner P, Bruel T, Velay A, Planas D, Wendling MJ, 
et al. Evolution of antibody responses up to 13 months after 
SARS-CoV-2 infection and risk of reinfection. BioMedicine. 
2021;71:103561. https://doi.org/10.1016/j.ebiom.2021.103561

31. Ortega N, Ribes M, Vidal M, Rubio R, Aguilar R, Williams S, 
et al. Seven-month kinetics of SARS-CoV-2 antibodies and 
role of pre-existing antibodies to human coronaviruses.  
Nat Commun. 2021;12:4740. https://doi.org/10.1038/
s41467-021-24979-9

32. Spencer EA, Klang E, Dolinger M, Pittman N, Dubinsky MC. 
Seroconversion following SARS-CoV-2 infection or  
vaccination in pediatric IBD patients. Inflamm Bowel Dis. 
2021;27:1862–4. https://doi.org/10.1093/ibd/izab194

33. Van Elslande J, Gruwier L, Godderis L, Vermeersch P.  
Estimated half-life of SARS-CoV-2 spike antibodies more 
than double the half-life of nucleocapsid antibodies in  
healthcare workers. Clin Infect Dis. 2021;73:2366–8.  
https://doi.org/10.1093/cid/ciab219

34. Weisberg SP, Connors TJ, Zhu Y, Baldwin MR, Lin WH, 
Wontakal S, et al. Distinct antibody responses to  
SARS-CoV-2 in children and adults across the COVID-19 
clinical spectrum. Nat Immunol. 2021;22:25–31.  
https://doi.org/10.1038/s41590-020-00826-9

35. Dobaño C, Ramírez-Morros A, Alonso S, Rubio R,  
Ruiz-Olalla G, Vidal-Alaball J, et al. Sustained seropositivity 
up to 20.5 months after COVID-19. BMC Med. 2022;20:379. 
https://doi.org/10.1186/s12916-022-02570-3

36. Liu W, Russell RM, Bibollet-Ruche F, Skelly AN,  
Sherrill-Mix S, Freeman DA, et al. Predictors of  
nonseroconversion after SARS-CoV-2 infection. Emerg Infect 
Dis. 2021;27:2454–8. https://doi.org/10.3201/eid2709.211042

37. Peluso MJ, Takahashi S, Hakim J, Kelly JD, Torres L,  
Iyer NS, et al. SARS-CoV-2 antibody magnitude and  
detectability are driven by disease severity, timing, and 
assay. Sci Adv. 2021;7:eabh3409. https://doi.org/10.1126/
sciadv.abh3409

38. Toh ZQ, Anderson J, Mazarakis N, Neeland M, Higgins RA, 
Rautenbacher K, et al. Comparison of seroconversion in chil-
dren and adults with mild COVID-19. JAMA Netw  
Open. 2022;5:e221313. https://doi.org/10.1001/ 
jamanetworkopen.2022.1313

39. Yung CF, Saffari SE, Mah SYY, Tan NWH, Chia WN,  
Thoon KC, et al. Analysis of neutralizing antibody levels in 
children and adolescents up to 16 months after SARS-CoV-2 
infection. JAMA Pediatr. 2022;176:1142–3. https://doi.org/ 
10.1001/jamapediatrics.2022.3072

Address for correspondence: Shannon C. O’Brien, Colorado 
Department of Public Health and Environment, 4300 Cherry Creek 
S Dr, Denver, CO 80246, USA; email: shannon.obrien@state.co.us


