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Background: Children infected with SARS-CoV-2 are often asymptomatic or have only mild symptoms, leading 

to underestimation of disease prevalence in symptom-based testing strategies. 

Objectives: This study sought to determine pediatric SARS-CoV-2 disease burden during local mitigation efforts 

by using antibody testing to compare seroprevalence estimates to cumulative PCR prevalence estimates. 

Study design: In this cross-sectional study, we collected 1142 strict phase and 1196 relaxed phase remnant blood 

specimens from patients less than 19-years-old in southwestern Pennsylvania (SWPA). Patients were excluded 

if their residential zip code was outside the region of interest, if they were under 6-months-old, or they had 

recently received antibody-modifying treatments. Demographic, encounter, and laboratory electronic medical 

record information was extracted. Samples were tested for SARS-CoV-2 spike protein IgG using an EUA ELISA, 

and PCR results were recorded from county health department data. Seroprevalence and Clopper-Pearson exact 

95% confidence intervals were calculated. 

Results: The observed seroprevalence of SARS-CoV-2 spike protein antibodies in children during strictest mitiga- 

tion was 0.53% (95% CI 0.19, 1.14) and 0.92% (95% CI 0.46,1.64) during moderately relaxed. Strict and relaxed 

phase PCR-based prevalence were significantly higher, 2.87% (95% CI 1.95, 4.08) and 3.64 (95% CI 3.01, 4.38), 

respectively. 

Conclusions: Estimates of pediatric seroprevalence were significantly lower than cumulative PCR prevalence 

estimates, and less than adult seroprevalence estimates, potentially due to biological, population, or sampling 

differences. Biological differences in pediatric immune responses to SARS-CoV-2 may make serosurvey interpre- 

tation challenging and these differences warrant further study. 
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. Background 

Coronavirus disease 2019 (COVID-19), caused by Severe Acute Res-

iratory Syndrome Coronavirus 2 (SARS-CoV-2), has a spectrum of dis-

ase severity, from asymptomatic infection to death [1–3] . Children

ave the same disease spectrum as adults, but pediatric mortality is far

ower at 0–0.2% [4–7] . Pediatric asymptomatic or mildly symptomatic

nfection may allow children to act as undetected vectors [8–10] . Due to
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ransmission risk from children to more vulnerable populations, an un-

erstanding of pediatric infection burden and how government-imposed

itigation strategies altered pediatric infection burden is vital to policy

aking. 

Polymerase chain reaction (PCR) testing is the standard for diagnos-

ng acute respiratory viral infections, including SARS-CoV-2 infection.

est availability limitations have led to prioritizing symptomatic indi-

iduals, but significant asymptomatic viral shedding occurs [11–13] .

ymptom-based testing, and minimal symptoms in children, likely re-

ulted in insufficient characterization of pediatric infections early in the
 2021 
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S epidemic. Antibody testing allows for retrospectively characterizing

ase numbers as it does not require active viral infection for detection. 

The first cases of SARS-CoV-2 in southwestern Pennsylvania (SWPA)

ere reported on March 11, 2020 [14] . On March 23, 2020, a statewide

tay-at-home order went into effect and began “red phase ” mitigation

fforts whereby only life sustaining businesses were permitted to be

pen. This phase continued until May 15, 2020. In SWPA, the “yellow

hase ” mitigation strategy, when stay-at-home orders were lifted and

etail stores, offices, and childcare were permitted to be open with re-

uired masking and reduced capacity, was in effect from May 15, 2020

hrough June 5, 2020. 

To better understand the prevalence of COVID-19 in children who

ive in SWPA in the two phases, we tested seroprevalence in pediatric

esidual blood specimens. 

. Study design 

.1. Cohort 

This study was approved by the Institutional Review Board at the

niversity of Pittsburgh (IRB 20040027) for collecting all residual blood

amples obtained as part of routine clinical care and for EMR data at

he University of Pittsburgh Medical Center Children’s Hospital of Pitts-

urgh (UPMC CHP). Patient information was stored de-identified in a

EDCap database with a research code matched to specimens [ 15 , 16 ]. 

Published reports suggest that SARS-CoV-2 IgG antibodies are de-

ectable 7–14 days from positive nasopharyngeal PCR; thus, blood sam-

les collection began approximately two weeks after the peak of the first

ave of cases of COVID-19 in Allegheny county [ 14 , 17 , 18 ]. PA DOH re-

axed SWPA mitigation standards on May 15, 2020, thus, samples from

pril 27-May 19 were analyzed to reflect the red phase. Collection of

he second set of samples began 6 weeks after the first day mitigation

tandards were relaxed as yellow phase, June 22-July 3. 

All samples that arrived in the lab were screened for inclusion, and

amples from patients aged less than 19 years-old whose residential

ip code was within 11 SWPA counties were included. The SWPA re-

ion, defined by the PA DOH, includes Allegheny, Armstrong, Beaver,

utler, Cambria, Fayette, Greene, Indiana, Somerset, Washington, and

estmoreland counties. Additional exclusion criteria were: 1) age ≤ 6

onths due to confounding maternal antibodies, 2) hospital length of

tay > 30 days when the sample was collected due to lack of commu-

ity exposure, or 3) receipt of treatments that alter antibody production

r antibody profile (e.g. immunoglobulin, rituximab, or bortezomib) in

he six months prior to collection. Total positive and PCR tests done by

ay 15 for red phase and June 22 for yellow phase were collected from

ublicly available ACHD data [14] . 

.2. SARS-CoV-2 antibody testing 

SARS-CoV-2 IgG testing was performed in the clinical laboratory (Eu-

oimmun, PerkinElmer, Lübeck, Germany). This assay was validated for

se in the CLIA-certified high complexity clinical laboratories at UPMC

internally validated sensitivity of 98.7% at 14 days post symptom onset,

pecificity of 98.9%). Positive specimens were confirmed by repeat test-

ng with spike protein pre-treatment as previously described [19] . Posi-

ive samples with sufficient volume were also confirmed by the Beckman

oulter SARS-CoV-2 IgG (sensitivity 100%, specificity 99.6%) (Brea, CA,

SA). Specimens with discrepancies between first and second tests were

ssessed by Siemens Centaur SARS-CoV-2 Total assay (sensitivity 100%,

pecificity 99.1%) (Munich, Germany). Adult sera were tested for SARS-

oV-2 IgG in the clinical laboratory (Euroimmun, PerkinElmer, Lübeck,

ermany) with positive tests confirmed by repeat testing with spike pro-

ein pre-treatment as previously described [19] . 
2 
.3. Statistical analysis 

A minimum sample size of 1124 for each sample set was calculated

sing power calculation for proportionality in a binomial distribution to

e 95% confident that the true seroprevalence would be within 1% of

n estimated seroprevalence of 2%. The estimated prevalence of 2% was

ased on seroprevalence reported in Santa Clara County, a county with

imilar population and presumed PCR based prevalence as Allegheny

ounty at the time [20] . 

We calculated observed seroprevalence as the proportion of total

pecimens that confirmed reactive. PCR observed prevalence was cal-

ulated as the cumulative proportion of total tests that were positive

s publicly reported by the ACHD by the end of each mitigation phase

14] . 95% Clopper-Pearson exact confidence intervals for prevalence

stimates were calculated using StatXact [ 20 , 21 ]. Observed seropreva-

ence and 95% intervals within selected subgroups were calculated in

he same manner. Estimated prevalence and 95% confidence intervals

djusting for test characteristics (98.7% sensitivity, 99.99% combined

pecificity of initial and confirmation tests) were calculated as previ-

usly described [22] . Seroprevalence in each phase was compared to

he PCR-based prevalence at the same time point using exact tests. 

We also examined patient characteristics in the two cohorts. Differ-

nces in age and BMI categories were tested using the Kruskal-Wallis

est. Differences in the proportions of the cohorts by sex, race, and pri-

ary insurance were assessed using Pearson exact test. For county of ori-

in, Monte-Carlo estimation was used due to the large number of cells.

ll of these tests were calculated using StatXact, v.11.1.0 (Cytel,Inc.). 

. Results 

From April 27-May 19, 2020, 1142 unique samples were collected

uring the “red phase ”. During these first four months of the epidemic,

oth adult and pediatric cases rose slowly, but community spread was

vident (Fig. S1, online) . For the moderately relaxed mitigation yellow

hase, 1196 samples were collected six weeks to eight weeks after stay-

t-home orders were lifted. 

.1. Subject characteristics in each phase 

The two sets of subjects were similar with respect to the character-

stics examined ( Table 1 ) . Mean ages were around 11 years in both

hases. The racial distribution was also similar between groups (79.1%

nd 77.5% identifying as Caucasian) and is similar to the general popula-

ion of Allegheny County, PA [23] . As expected, the majority of subjects

56.0% and 55.8%) in each group were residents of Allegheny County,

he most populous county in SWPA and site of UPMC CHP. The only

tatistically significant differences between the two phases were seen in

ex (higher proportion of males in the yellow phase), subjects with co-

orbid conditions (higher proportion without any in the yellow phase),

nd immunocompromised (defined in Supplemental Methods) (lower

roportion in the yellow phase) patients ( Table 1 ) . Co-morbidity and

mmunocompromised differences are likely because otherwise healthy

hildren were less likely to seek care unless absolutely necessary during

he red phase. Selected subject comorbid conditions are shown in the

upplementary materials (Table S1, online) . 

.2. Seroprevalence and antibody positive subjects 

For the red phase specimens, six of 1142 patients tested positive for

ARS-CoV-2 antibodies, an 0.53% (95% CI 0.19,1.14) observed preva-

ence (OP) ( Table 2 ) , and an adjusted prevalence (AP) for test perfor-

ance characteristics of 0.52% (95% CI 0.23, 1.15). For the yellow

hase, eleven of 1196 patient samples tested positive, OP of 0.92% (95%

I 0.46,1.64) and an AP of 0.91% (95% CI 0.51,1.65). Due to overall

ow prevalence, subgroups within the cohort did not demonstrate any
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Table 1 

Demographics of subjects with residual clinical specimens tested for SARS-CoV-2 Spike IgG antibodies in each 

phase of mitigation. 

Red Phase 

[Number (% of total)] 

Yellow Phase 

[Number (% of total)] 

P -Value 

Total 1142 1196 

Age 

Mean 10.8 ± 5.5 11.13 ± 5.12 

Median 11.6 11.94 

Range 0.6–18.9 0.87–18.99 

.29 ◊

0 to 6 290 (25.4%) 262 (21.9%) 

6 to 12 294 (25.7%) 341 (28.5%) 

12 to 18 558 (48.9%) 593 (49.6%) 

Sex .03 # 

Male 523 (45.8%) 601 (50.3%) 

Female 619 (54.2%) 595 (49.7%) 

Race 0.87, 0.74 # 

Caucasian 903 (79.1,81.7%) 927 (77.5,80.2%) 

African American 176 (15.4,15.9%) 197 (16.5,17.0%) 

Latinx 5 (0.4,0.5%) 8 (0.7,0.7%) 

Asian American 21 (1.8,1.9%) 24 (2.0,2.1%) 

Unable to Determine 37 (3.2,NA%) 40 (3.3,NA%) 

Primary Insurance Type 0.63, 0.97 # 

Medicaid 455 (39.8, 40.3%) 477 (39.9, 40.2%) 

Private Insurance 674 (59.0, 59.7%) 710 (59.59.84%) 

Unable to Determine 13 (1.1, NA%) 9 (0.8,NA%) 

BMI (patients > 2 yo, with sufficient data) 957 1017 0.46 ◊

< 25 760 (79.4%) 794 (78.1%) 

25 to < 30 93 (9.7%) 104 (10.2%) 

30 or greater 104 (10.9%) 119 (11.7%) 

County of Origin 0.66 $ 

Allegheny 640 (56.0%) 667 (55.8%) 

Armstrong 13 (1.1%) 22 (1.8%) 

Beaver 65 (5.7%) 73 (6.1%) 

Butler 84 (7.4%) 93 (7.8%) 

Cambria 34 (3.0%) 30 (2.5%) 

Fayette 41 (3.6%) 35 (2.9%) 

Greene 6 (0.5%) 8 (0.7%) 

Indiana 12 (1.1%) 21 (1.8%) 

Somerset 12 (1.1%) 18 (1.5%) 

Washington 118 (10.3%) 108 (9.0%) 

Westmoreland 117 (10.2%) 121 (10.1%) 

Comorbid Conditions .0001 # 

None 399 (34.9%) 511 (42.7%) 

1 or more 743 (65.1%) 685 (57.3%) 

Immunocompetent < 0.0001 # 

Yes 869 (76.1%) 989 (82.7%) 

No 273 (23.9%) 207 (17.3%) 

yo – years old, ◊ - tested by Kruskal-Wallis, # tested by Pearson exact, $ tested by exact test, Monte-Carlo. For 

primary insurance and race percentages, the first percent and p-value, represents inclusion of the “unable to 

determine ” groups and the second percent and p-value represents if that group is excluded. 
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l  
nique findings in either mitigation phase ( Table 2 ) . A contemporane-

us serosurvey conducted in adults during the strict phase of mitiga-

ion at Pittsburgh-based UPMC hospitals utilizing pre-operative blood

pecimens demonstrated seroreactivity of 1.35% (95% CI 0.62, 2.55) of

amples from April 27-May 19 (personal communication, GH). 

Combining the findings of all antibody positive patients, only three

f the 16 patients who were antibody positive required admission (one

atient presented in both phases). Of the admitted patients, one was hos-

italized for surgical complications unrelated to COVID course, one was

ospitalized for less than 24 h for COVID, and the last met criteria for

IS-C and was hospitalized in the ICU. Five of the 16 were PCR tested,

nd of those five, three were positive and two were negative prior to

heir antibody sample collection. Five of the 16 antibody positive pa-

ients had documented respiratory illnesses and four had documented

xposure to a COVID positive person. Interestingly, patients with EMR

ocumented positive SARS-CoV-2 PCR did not always test positive for

ntibodies. Three of seven PCR-positive patients were antibody posi-

ive. Of the remaining four subjects, two had blood collected within a

eek of positive PCR, perhaps too early to detect an antibody response,

o  

3 
ut surprisingly, two others were antibody negative more than a month

fter their positive PCR result. 

.3. Cumulative PCR-based prevalence was higher than seroprevalence 

ACHD maintains publicly accessible COVID-19 data [14] . With the

itigation changes, PCR data from ACHD showed that cases in the

0–19-year-old children increased more quickly in yellow phase, 0.89

ases/day, compared to 0–9-year-old children, 0.57 cases/day (Fig. S2,

nline) . Because seroprevalence estimates should detect the cumulative

revalence of all cases prior to the dates of collection, all positive PCR

ests and total PCR tests as of the end of each mitigation phase were used

o calculate a cumulative infection prevalence as of that date. PCR test-

ng showed 30 positive PCR tests out of 1044 total tests, an OP of 2.87%

95% CI 1.95, 4.08), throughout the red phase (ending May 15), and to-

al of 99 positive results out of 2814, an OP of 3.64% (95% CI 3.01,

.38), by the end of the yellow mitigation ( Fig. 1 ) . While these preva-

ence estimates were derived by two different mechanisms, the estimate

f cumulative prevalence by PCR in Allegheny county was significantly
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Table 2 

Antibody status and seroprevalence rates of subjects with residual clinical specimens tested for SARS-CoV-2 Spike IgG antibodies in each phase of mitigation broken 

down by subgroup. 

Red Phase Yellow Phase 

Number Positive/Total Subgroup % Seropositive (95% CI) Number Positive/Total Subgroup % Seropositive (95% CI) 

Total 6/1142 0.53 (0.19, 1.14) 11/1196 0.92 (0.46, 1.64) 

0 to 6 2/290 0.69 (0.08, 2.47) 1/262 0.38 (0.00, 2.11) 

6 to 12 3/294 1.02 (0.21, 2.95) 4/341 1.17 (0.32, 2.98) 

12 to 18 1/558 0.18 (0.00, 0.99) 6/593 1.01 (0.37, 2.19) 

Sex 

Male 2/523 0.38 (0.05, 1.37) 6/601 1.00 (0.37, 2.16) 

Female 4/619 0.65 (0.18, 1.65) 5/595 0.84 (0.27, 1.95) 

Race 

Caucasian 5/903 0.55 (0.18, 1.29) 6/927 0.65 (0.24,1.40) 

African American 1/176 0.57 (0.01, 3.12) 4/197 2.03 (0.56, 5.12) 

Latinx 0/5 ND 0/8 ND 

Asian American 0/21 ND 0/24 ND 

Not Listed 0/37 ND 1/40 ND 

Primary Insurance 

Medicaid 1/455 0.22 (0.01, 1.22) 5/477 1.05 (0.34, 2.43) 

Private Insurance 5/674 0.74 (0.24, 1.72) 6/710 0.85 (0.31, 1.83) 

Unable to Determine 0/13 ND 0/9 ND 

BMI (patients > 2 yo, with sufficient data) 957 1017 

< 25 4/760 0.53 (0.14, 1.34) 10/794 1.26 (0.61, 2.30) 

25 to < 30 0/93 0.00 1/104 0.96 (0.02, 5.24) 

30 or greater 0/104 0.00 0/119 0.00 (0.00, 3.05) 

County of Origin 

Allegheny 4/640 0.63 (0.17, 1.59) 5/667 0.75 (0.24, 1.74) 

Other Counties in SWPA 2/502 0.40 (0.04, 1.43) 6/529 1.13 (0.42, 2.45) 

Comorbid Conditions 

None 1/399 0.25 (0.01, 1.39) 4/511 0.78 (0.21, 1.99) 

1 or more 5/743 0.67 (0.22, 1.56) 7/685 1.02 (0.41, 2.09) 

Immunocompromised 

No 3/869 0.35 (0.07, 1.01) 8/989 0.81 (0.35, 1.59) 

Yes 3/273 1.10 (0.23, 3.18) 3/207 1.45 (0.30, 4.18) 

SARS-CoV-2 PCR Positive 1/2 50.0 (1.26, 98.74) 2/5 40.0 (5.27, 85.34) 

Patients with Documented Respiratory Illness 

(01/2020 to Sample Date) 

3/226 1.33 (0.27, 3.83) 5/238 2.10 (0.69, 4.83) 

Patients with Documented COVID Exposure 2/6 33.3 (4.33, 77.7) 2/11 18.18 (2.28, 51.78) 

yo: years old, CI: confidence interval, SWPA: southwestern Pennsylvania. ND: Confidence intervals (CI) not calculated when number in subgroup < 50 with 0 observed 

positive cases. Upper limit of the 95% CI for these cells is > 7%. 

Fig. 1. Seroprevalence in Allegheny County compared to cumulative PCR based 

prevalence as of the end of the indicated mitigation phase in Allegheny County 

as reported by the ACHD COVID-19 Dashboard. Symbols represent prevalence 

estimates at different times and error bars represent Clopper Pearson 95% con- 

fidence interval. ∗ ∗ ∗ ∗ - p -value < 0.0001. 
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4 
igher than the estimate of seroprevalence in Allegheny county during

oth phases ( p < 0.001). Similar to the findings of seroprevalence, there

as not a significant difference in cumulative PCR prevalence between

he two phases ( p = 0.36). 

. Discussion 

In this study, we characterized SARS-CoV-2 seroprevalence in chil-

ren by collecting two sets of specimens reflective of two different

hases of mitigation strategies in order to assess pediatric infection

urden. While seroprevalence almost doubled between red and yellow

hase, we did not detect a significant change in the seroprevalence from

he red to the yellow phase mitigation efforts likely due to insufficient

ower for comparison. However, we found a significant difference in

he prevalence measured by PCR as compared to seroprevalence during

ach of the sampling periods. 

The significantly higher prevalence estimates based on PCR versus

erology may be due to the differences in sampling. PCR testing limita-

ions imposed criteria that increase the pretest probability of a positive

esult, biasing prevalence data. While this is vital to ensure sufficient re-

ources for continued testing, it limits the generalizability of the results

ue to the selection bias. Bias also exists since our convenience sampling

ethodology is not truly random. Despite these biases, the existence of

his difference raises questions about the true prevalence in the commu-

ity and how it could be best measured given the circumstances. 

These data raise questions about the utility of serology to retrospec-

ively estimate the prevalence in children, potentially due to biologic dif-

erences between pediatric and adult immune responses to SARS-CoV-2
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 24 , 25 ]. Specifically, children have been shown to produce a narrower

pectrum of antibodies to SARS-CoV-2 antigens than adults, and their

ntibodies have less neutralizing activity than adult antibodies [24] .

dditionally, another study showed differing cytokine profiles, less ro-

ust T-cell responses, and decreased Fc receptor mediated phagocytosis

ctivity when comparing children infected with SARS-CoV-2 with adults

25] . T-cells reactive to SARS-CoV-2 have been found in patients who

ave never been infected with SARS-CoV-2, perhaps due to exposure to

ndemic coronaviruses [26] . Endemic coronaviruses circulate annually

nd may increase children’s likelihood of having T-cells cross-reactive

o SARS-CoV-2 [ 27 , 28 ]. It is possible that CD8 + T-cell responses in chil-

ren clear the infection before measurable antibodies are produced, a

otential problem for pediatric SARS-CoV-2 serosurveillance studies. 

To our knowledge at the time of writing, no pediatric specific sero-

urveys have been published, but several serosurveys have included pe-

iatric subsets. The largest of these that utilized specimens from a simi-

ar time frame as the current study, organized by the CDC, completed a

onvenience serosurvey of 16,025 specimens at several national sites of

hich 7.5% (1205 samples/10 sites) were children. They demonstrated

enerally lower seroprevalence in children compared to adults at most

ites, in concordance with our findings [29] . Two other serosurveys of

hildren and adults suggest comparatively low seroprevalence in chil-

ren as well [ 20 , 30 ]. The New Vaccine Surveillance Network (NSVN),

hich surveils pediatric acute respiratory illnesses at seven sites across

he US, showed that only 0.1% of ill patients were COVID19 positive

y PCR around the time of our sampling [31] supporting the idea that

he prevalence in sick children is lower than in adults likely due to dis-

ase severity in children. While school closures may initially provide

rotection from infection in children, exposure of children to household

embers working outside the home should lead to similar seropreva-

ence between pediatric and adult populations in the absence of biolog-

cal differences in responses to infection [8] . Biologically, if children do

ot reliably mount detectable antibody responses after infection, as seen

ith the two PCR positive patients without detectable antibodies greater

han one month after infection, this could account for the discrepancy

etween adult and pediatric seroprevalence. 

The timing of sampling could also confound serosurvey results, as

ntibodies may have waned or not yet be measurable at the time of

ampling, a factor that will need to be considered when trying to uti-

ize serology to retrospectively characterize this epidemic. Data suggest

hat milder infection leads to longer time to seroconversion and lower

ntibody titers in adults [ 32 , 33 ]. These factors may have contributed to

he two subjects with positive PCR for SARS-CoV-2 but absent antibod-

es upon sampling more than a month afterwards. The implications of

he biologic differences between the immune response of children and

dults is important as vaccines are tested in children. 

We recognize some limitations in this study. First, this study was

one with sampling medically indicated blood specimens and not ran-

om community sampling. As a result, there was a difference in the

roportions of previously healthy patients and immunocompetent pa-

ients seen in the two phases. PCR data were collected from ACHD rather

han sampled directly from patients with longitudinal follow-up, a lim-

tation necessitated by the need to conserve reagents for clinically in-

icated testing. While sufficient for independent prevalence estimates,

amples sizes were insufficient to compare seroprevalence between the

wo phases. Additionally, a substantial proportion of serologic samples

ame from patients outside Allegheny County while the PCR data was

xclusively from that county, and the adult samples did not have resi-

ence identified. Lastly, the overall low disease burden in our commu-

ity during sampling decreased our ability to draw conclusions about

actors that influence the likelihood of seropositivity. 

In summary, we demonstrated the seroprevalence of SARS-CoV-2 in

hildren early in the US epidemic at two separate times. Seroprevalence

stimates were lower than the PCR prevalence estimates in children and

ower than seroprevalence estimates in adults, potentially due to biolog-

cal, population, and sampling differences. The biologic differences may
5 
ake pediatric SARS-CoV-2 serosurveys more challenging to interpret.

rimarily, this study affirms the importance of studying the immune

esponse to SARS-CoV-2 in children, especially as these biologic differ-

nces could have implications not only for testing, but also for vaccine

evelopment and efficacy. 
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