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Abstract
Background and objectives  Pediatric COVID-19 cases are often mild or asymptomatic, which has complicated 
estimations of disease burden using existing testing practices. We aimed to determine the age-specific population 
seropositivity and risk factors of SARS-CoV-2 seropositivity among children and young adults during the pandemic in 
British Columbia (BC).

Methods  We conducted two cross-sectional serosurveys: phase 1 enrolled children and adults < 25 years between 
November 2020-May 2021 and phase 2 enrolled children < 10 years between June 2021-May 2022 in BC. Participants 
completed electronic surveys and self-collected finger-prick dried blood spot (DBS) samples. Samples were tested for 
immunoglobulin G antibodies against ancestral spike protein (S). Descriptive statistics from survey data were reported 
and two multivariable analyses were conducted to evaluate factors associated with seropositivity.

Results  A total of 2864 participants were enrolled, of which 95/2167 (4.4%) participants were S-seropositive in phase 
1 across all ages, and 61/697 (8.8%) unvaccinated children aged under ten years were S-seropositive in phase 2. 
Overall, South Asian participants had a higher seropositivity than other ethnicities (13.5% vs. 5.2%). Of 156 seropositive 
participants in both phases, 120 had no prior positive SARS-CoV-2 test. Young infants and young adults had the 
highest reported seropositivity rates (7.0% and 7.2% respectively vs. 3.0-5.6% across other age groups).

Conclusions  SARS-CoV-2 seropositivity among unvaccinated children and young adults was low in May 2022, 
and South Asians were disproportionately infected. This work demonstrates the need for improved diagnostics and 
reporting strategies that account for age-specific differences in pandemic dynamics and acceptability of testing 
mechanisms.
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Background
Children represented 15–20% of confirmed cases of 
SARS-CoV-2 infections and less than 0.5% of deaths dur-
ing the COVID-19 pandemic. Children and young adults 
accounted for approximately 1,000 intensive care unit 
admissions in Canada between January 2020 and March 
2023 [1, 2]. Pediatric estimates of SARS-CoV-2 infec-
tion burden have been underestimated; possible reasons 
include frequent asymptomatic or paucity of symptom-
atic disease, aversion of children to invasive sampling 
and lack of non-invasive sampling approaches (e.g. 
saliva) for the youngest children. There has been limited 
population-based research on asymptomatic pediatric 
SARS-CoV-2 incidence or overall prevalence of infec-
tion, particularly longitudinally [3–6]. Population-based 
studies are needed to understand the role of children in 
COVID-19 and identify highest risk populations, as this 
has been useful for setting public health guidance around 
schooling and congregate activities, and may be valuable 
for prevention strategies for COVID-19 and other respi-
ratory viruses. Notably, BC had one of the earliest pro-
vincial returns to in-person schooling in Canada, with 
children returning to the classroom in June 2020, with 
virtual learning opportunities still available and planned 
public health measures including learning groups imple-
mented for the in-person experience [7]. Post-secondary 
institutions returned in-person in fall, 2021. Seroposi-
tivity in BC since then therefore reflects children and 
youth with the opportunity to participate in congregate 
activities.

Understanding risk factors for and rates of disease 
spread among unvaccinated children and youth is repre-
sentative of many children and youth worldwide. In this 
analysis from an ongoing COVID-19 seroprevalence and 
immunity study, we sought to provide additional data on 
the prevalence of SARS-CoV-2 infection in unvaccinated 
children and young adults (up to age 25 years) in Brit-
ish Columbia (BC), Canada. In BC, COVID-19 vaccines 
became available after the onset of the study, and were 
generally available for adults aged over 18 years from 
April 2021, adolescents aged 12–17 years from May 2021, 
children aged 5–11 years in November 2021, and for 
younger children ages 6 months to 5 years from August 
2022. Our primary objective was to estimate age-specific 
SARS-CoV-2 seropositivity based on presence of anti-
spike (S) protein Immunoglobulin G (IgG) antibodies in 
dried blood spot (DBS) samples, and identified sociode-
mographic factors associated with seropositivity. We fur-
ther aimed to establish changes in seropositivity over the 
study period, as well as identify infections not otherwise 
detected on known participant-reported testing history.

Methods
Study population
We conducted two cross-sectional serosurveys of chil-
dren and young adults less than 25 years of age in BC. BC 
has a population of approximately 5.3 million individuals, 
including approximately 1.2 million in the study’s target 
age group [8].

All BC residents aged under 25 years were eligible for 
study participation. There were no specific exclusion cri-
teria other than age and self-reported COVID-19 vac-
cination status. Study activities were divided into two 
phases: data were collected in phase 1 from November 
15, 2020, to May 1, 2021, and in phase 2 between May 
30, 2021, and May 20, 2022. For analytical purposes, all 
participants from phase 1 and only children aged under 
10 years from phase 2 were included to maintain a con-
sistent focus on SARS-CoV-2 infections in unvaccinated 
individuals; phase 2 analytic restrictions were imple-
mented due to provincial COVID-19 vaccination pro-
grams. We additionally divided the study into three time 
periods for analysis, reflecting the dominant variants 
of concern circulating, with the first period reflecting 
ancestral and pre-Delta variants (April 2020-June 2021), 
the second reflecting the emergence of the Delta variant 
(June 2021-December 2021), and the third reflecting the 
emergence of Omicron variant (December 2021 through 
end of study). Associated public health interventions are 
described in Supplementary Fig. 1.

Participants were recruited through multiple means, 
including contacting individuals who have already given 
permission-to-contact for research included in the Vac-
cine Evaluation Center database at BC Children’s Hospi-
tal; sending study information to parents of school-aged 
children, promoted through school Parent Advisory 
Councils; collaborating with the BC Children’s Hospital 
Youth Advisory Council; advertising via public media, as 
well as institute-related websites and social media outlets.

Data collection
Once consented (and assented as appropriate), data 
were collected via an electronic survey using REDCap 
electronic data capture tools hosted at BC Children’s 
Hospital Research Institute. Participants or caregivers 
completed the survey directly. Data collected included: 
socio-demographic data including any known pre-exist-
ing medical condition; travel outside British Columbia 
and/or Canada; potential COVID-19 exposures for the 
participant and household; current and past symptoms 
of respiratory illness since January 2020; SARS-CoV-2 
testing and COVID-19 diagnosis and treatment history 
since January 2020 (Supplementary Fig.  2) [9]. Testing 
by either polymerase chain reaction or at-home rapid 
antigen test were both recorded as part of SARS-CoV-2 
testing history. We used the forward sortation code (first 
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three digits of the postal code) to determine geographi-
cal distribution or the sample and categorized patient by 
regional health authority.

For the infection prevention and control behaviours, 
participants rated the frequency of use of handwashing, 
physical distancing, and masking on a five-point Likert 
scale, with 5 representing use every time, and 1 repre-
senting never using them.

Sample collection and analysis
Participants were sent at-home DBS collection kits to 
enable a single DBS sample collection, using Whatman 
903 Protein Saver Card and a contact-activated lancet. 
Samples were collected by finger-prick, except for infants 
aged less than six months, where a heel prick was used. 
All necessary equipment and instructions to collect sam-
ples, as well as a pre-paid envelope for sample return, 
were included. Participants were instructed to return 
completed DBS cards immediately via regular mail, and 
once received they were stored at -80oC. DBS samples 
were processed by punching four 6 mm circular punches 
and eluted overnight in 350ul of elution buffer [10].

Ten microliters of DBS eluate were diluted in Meso 
Scale Discovery (MSD) Diluent 100 at 1:500. Assays 
were conducted at the provincial reference laboratory at 
the BC Centre for Disease Control (BCCDC) using the 
MSD V-PLEX COVID-19 Coronavirus Panel 2 (IgG) to 
measure concentrations of SARS-CoV-2  S protein anti-
bodies using the MSD QuickPlex SQ120 instrument and 
reported in arbitrary units per milliliter (AU/mL). Posi-
tivity anti-S threshold was defined as 75 AU/mL [10, 11]. 
Sensitivity and specificity for SARS-CoV-2 protein anti-
body testing on DBS samples were 79% (95% CI: 58 to 
91%) and 97% (95% CI: 95 to 98%) respectively [10].

Ethics approval and consent to participate
Ethics approval was obtained from the University of Brit-
ish Columbia Children’s and Women’s Research Ethics 
Board (H20-01886-A011).

Declarations
Written informed consent (provided electronically) (and 
assent as appropriate) to participate was obtained from 
all participants and/or parent or legal guardian.

Statistical analysis
Sample size
Enrollment for each phase was based on five, 5-year age 
brackets (0–4, 5–9, 10–14, 15–19, 20–24). There was 
a target sample size of 500 participants per 5-year age 
group, per phase; each phase was completed when tar-
get sample size was reached. This provided over 95% 
confidence to detect seroprevalence rates of 5% ± 2%. 
Although the pre-specified sample size for the study was 

applicable separately to each phase, we also conducted 
post-hoc analyses of seropositivity rates within phase 2, 
to determine power corresponding with circulation of 
different SARS-CoV-2 variants of concern.

Data analysis
All phase 1 participants and unvaccinated phase 2 par-
ticipants aged under ten years were eligible for inclusion 
in the analysis reported here. In addition, participants 
without valid anti-S results were excluded from analysis, 
including those who returned no or an insufficient sam-
ple. Categorical variables were compared using Pearson’s 
chi-square or Fisher’s exact tests as indicated. For the 
infection prevention and control behaviours, responses 
were grouped into three: scores 4 or 5 (most or every 
time), neutral scores of 3, and scores of 1 or 2 (rarely or 
never).

Two multivariable analyses were conducted to explore 
demographic factors associated with SARS-CoV-2 sero-
positivity. Age, sex, ethnicity, health region, pre-existing 
medical condition, and travel, were included in the mod-
els a priori. We analyzed the effect of time in a separate 
multivariable model. Variables with p-value < 0.1 from 
univariate models were included in the initial multivari-
able model and an Akaike Information Criterion based 
backward elimination procedure was applied; any vari-
ables with an adjusted p-value of < 0.05 were retained in 
the final model. Adjusted odds ratios (aOR) and 95% con-
fidence intervals (CI) were calculated to identify factors 
associated with seropositivity. Multi-variable analyses 
only included participants with non-missing data for the 
relevant variables. Seronegative participants from phase 
1 were not excluded from participating again for phase 
2; these 457 participants were included independently in 
analysis in each phase.

All analyses were completed using the R software envi-
ronment (R [Version 4.1.3; The R Project for Statisti-
cal Computing, Vienna, Austria]). The STrengthening 
the Reporting of OBservational studies in Epidemiology 
(STROBE) reporting guideline for cross-sectional studies 
was used (Supplementary table 1).

Results
Description of study participants
A total of 2864 unvaccinated participants were included 
in the analysis (Fig. 1), of which 1535 (54%) identified as 
women/girls (Table  1). Most participants with known 
postal code resided in the more urban ‘Lower Mainland’ 
area of BC (Vancouver Coastal Health and Fraser Health 
Authority regions [1681/2182; 77%]) (Table  1; Supple-
mentary Fig.  3). Only 126/2864 (4.4%) of participants 
reported not leaving the house for work or school. Par-
ticipants reported a mean of 3.2 other household mem-
bers. Only 408/2864 (14.2%) of respondents reported 
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at least one known COVID-19 exposure, with expo-
sures commonly occurring at school, college, or univer-
sity (144/612, 23.5%), in contact with friends (129/612, 
21.1%) or at home (128/612, 20.9%), though 1894/2864 
(66.1%) reported one or more illnesses since January 
2020 (Table 1). Participants had a mean score of 4.5/5 for 
handwashing, 4.0/5 for physical distancing, and 4.2/5 for 
masking (Table 2).

Factors associated with seropositivity
Overall seropositivity was 5.5% (95% CI: 4.7, 6.3) across 
both phases; 95/2167 (4.4%) participants were seroposi-
tive in phase 1 across all ages. Overall seropositivity for 
those aged under 10 years in phase 1 was 3.8% (95% CI: 
2.7, 5.4), and was 8.8% (95% CI: 6.9, 11.1) during phase 2.

Seropositivity was below 10% for children under ten 
years of age through December 2021, and was 21.9% (95% 
CI: 14.0, 32.7) for children aged 0–4 years and 60% (95% 
CI: 31.3, 83.2) for those aged 5–9 years sampled between 
January-May 2022 (Fig. 2; Table 3).

Young adults aged 20–24 years and infants under age 
five had the highest overall seropositivity rates of 7.2% 
(95% CI: 5.2, 9.9) and 7.0% (95% CI: 5.2, 9.3), respec-
tively (p = 0.009) (Table 1) within phase 1. There were no 
significant differences in seropositivity between sexes 
or between those with or without pre-existing medical 
conditions (Table  1). South Asian participants had the 
highest seropositivity (13.5%; 95% CI: 7.5, 23.1) among 
all ethnic groups (Table 1). Individuals who had travelled 
internationally had a higher seropositivity rate than those 
who had travelled within Canada or not travelled (7.7% 

vs. 5.1%; p = 0.046) Table 1). There was no significant dif-
ference in seropositivity among participants working or 
attending school compared with those who did not.

In our first multivariable model (Table 4), children aged 
10–14 years had lower odds of seropositivity compared 
with those aged under five years (aOR: 0.41; 95% CI: 
0.22–0.77). In contrast, South Asian participants (com-
pared to white; aOR: 2.95; 95% CI: 1.44, 6.04) and those 
who had travelled internationally since January 2020 
(compared to those with no travel; aOR: 1.62; 95% CI: 
1.03, 2.55) had higher odds of seropositivity. In our sec-
ond multivariable model (Table 4) of children aged under 
ten years, seropositivity rose significantly in later time 
periods compared to during circulation of the ancestral 
and pre-Delta variant of concern, with an aOR of 1.87 
(95% CI: 1.1, 3.1) during the Delta time period and 9.57 
(95% CI: 5.1, 17.9) during the Omicron time period.

Comparison of reported SARS-CoV-2 testing history and 
seropositivity data
Of the 156 participants who were anti-S IgG positive, 
120 did not report SARS-COV-2 positive testing his-
tory. Among the 79 who did report prior COVID-19 
testing history, 43 participants (54%) reported only 
negative results (Table  5); 76 participants had never 
been tested. Only 2/38 participants (5%) who reported 
a positive SARS-CoV-2 test in the past were found to be 
seronegative.

Fig. 1  Study enrollment and participation. Enrollment of participants across both phases of the study; all participants from phase 1 and only children 
aged under 10 years from phase 2 were included to maintain a consistent focus on SARS-CoV-2 infections in unvaccinated individuals; phase 2 analytic 
restrictions were implemented due to provincial COVID-19 vaccination programs
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Characteristica,b Total N 
(%)
N = 2864

N with Posi-
tive COVID-19 
Antibodies
N = 156

Seroprevalence 
(95%CI)

Pc Spike antibody 
geometric mean 
concentration AU/mL 
(95% CI)d

DEMOGRPHICS
Age 0.009
  0–4 615 (21.5) 43 6.99(5.23, 9.29) 601.36 (433.03, 835.11)
  5–9 845 (29.5) 47 5.56(4.21, 7.32) 719.54 (462.66, 1119.04)
  10–14 464 (16.2) 14 3.02(1.81, 5) 237.46 (135.7, 415.55)
  15–19 469 (16.4) 18 3.84(2.44, 5.98) 385.19 (193.43, 767.07)
  20–24 471 (16.4) 34 7.22(5.21, 9.92) 560.2 (311.78, 1006.53)
Sex (N = 2863) 0.804
  Male 1303 (45.5) 69 5.3(4.21, 6.65) 554.99 (398.59, 772.76)
  Female 1560 (54.5) 87 5.58(4.54, 6.83) 539.35 (397.42, 731.96)
Gender 0.818
  Man/boy 1304 (45.5) 69 5.29(4.2, 6.64) 554.99 (398.59, 772.76)
  Woman/Girl 1535 (53.6) 85 5.54(4.5, 6.8) 538.42 (394.31, 735.18)
  Non-binary, genderqueer, agender, two spirit, other 25 (0.9) 2 8(2.22, 24.97) 580.59 (0.02, 2.0 × 107)
Ethnicity 0.007
  White 1680 (58.7) 80 4.76(3.84, 5.89) 580.39 (417.78, 806.3)
  Chinese 106 (3.7) 3 2.83(0.97, 7.99) 273.87 (10.41, 7208.2)
  South Asian 74 (2.6) 10 13.51(7.51, 23.12) 427.54 (140.98, 1296.6)
  Mixed 402 (14) 23 5.72(3.84, 8.44) 280.05 (173.46, 452.14)
  Other 602 (21) 40 6.64(4.92, 8.92) 795.32 (529.78, 1193.96)
Health region 0.22
  Vancouver Coastal Health 910 (41.7) 42 4.62(3.43, 6.18) 427.14 (284.67, 640.9)
  Fraser Health 771 (35.3) 55 7.13(5.52, 9.17) 532.88 (362.16, 784.07)
  Interior Health 189 (8.7) 8 4.23(2.16, 8.13) 380.81 (110, 1318.28)
  Northern Health 69 (3.2) 2 2.9(0.8, 9.97) 119.46 (0.43, 33529.6)
  Vancouver Island Health 243 (11.1) 12 4.94(2.85, 8.43) 403.24 (162.88, 998.3)
Pre-existing medical condition 0.157
  Pre-existing medical condition 455 (15.9) 18 3.96(2.52, 6.17) 609.59 (287.4, 1292.98)
  No medical conditions 2409 (84.1) 138 5.73(4.87, 6.73) 538.45 (425.76, 680.95)
Previous COVID-19 testing (N = 2859) 0.006
  Yes 1147 (40.1) 79 6.89(5.56, 8.5) 657.82 (498.01, 868.92)
  No 1712 (59.9) 76 4.44(3.56, 5.52) 434.58 (307.67, 613.85)
COVID-19 test result (N = 1147) < 0.001
  Positive 38 (3.3) 36 94.74(82.71, 

98.54)
894.93 (614.54, 1303.27)

  Negative 1102 (96.1) 43 3.9(2.91, 5.21) 508.38 (340.76, 758.45)
  Indeterminate 2 (0.2) 0 0 N/A
  Unknown 5 (0.4) 0 0 N/A
Number of Illnesses since January 2020 0.132
  None 970 (33.9) 62 6.39(5.02, 8.11) 630.45 (444.02, 895.17)
  One or more 1894 (66.1) 94 4.96(4.07, 6.04) 496.91 (371.56, 664.53)
SOCIAL & BEHAVIOURAL RISK FACTORS
Leaving home for any reasone 1
  Yes 2738 (95.6) 149 5.44(4.65, 6.36) 534.99 (425.47, 672.71)
  No 126 (4.4) 7 5.56(2.72, 11.02) 849.59 (293.13, 2462.38)
Reason for leaving home:
School 0.245
  Yes 1697 (59.3) 85 5.01(4.07, 6.15) 450.12 (330.75, 612.58)
  No 1167 (40.7) 71 6.08(4.85, 7.6) 688.59 (500.46, 947.44)
Daycare 0.941
  Yes 382 (13.3) 20 5.24(3.41, 7.95) 741.98 (420.17, 1310.25)

Table 1  Demographic data
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Characteristica,b Total N 
(%)
N = 2864

N with Posi-
tive COVID-19 
Antibodies
N = 156

Seroprevalence 
(95%CI)

Pc Spike antibody 
geometric mean 
concentration AU/mL 
(95% CI)d

  No 2482 (86.7) 136 5.48(4.65, 6.45) 522.15 (409.82, 665.28)
Work 0.738
  Yes 603 (21.1) 35 5.8(4.2, 7.97) 527.85 (292.71, 951.88)
  No 2261 (78.9) 121 5.35(4.5, 6.36) 551.64 (435.88, 698.14)
If working:
Healthcare worker (N = 603) 0.001
  Yes 97 (16.1) 13 13.4(8, 21.59) 1316.46 (401.56, 

4315.84)
  No 506 (83.9) 22 4.35(2.89, 6.5) 307.60 (171.35, 552.19)
Essential worker (N = 603) 0.778
  Yes 141 (23.4) 7 4.96(2.43, 9.89) 149.89 (56.98, 394.29)
  No 462 (76.6) 28 6.06(4.23, 8.62) 723.09 (371.35, 1408)
Service provider (N = 603) 0.068
  Yes 15 (2.5) 3 20.00(7.05, 45.19) 224.42 (3.56, 14,151)
  No 588 (97.5) 32 5.44(3.88, 7.58) 571.92 (307.11, 1065.07)
Education worker (N = 603) 1
  Yes 21 (3.5) 1 4.76(0.85, 22.67) 78.20 (N/A)
  No 582 (96.5) 34 5.84(4.21, 8.05) 558.35 (307.53, 1013.72)
Other type of worker (N = 603) 0.024
  Yes 391 (64.8) 16 4.09(2.53, 6.54) 385.37 (185.83, 799.14)
  No 212 (35.2) 19 8.96(5.81, 13.57) 687.98 (267.48, 1769.54)
If in school, level of school (N = 1697) 0.001
  Pre-school 113 (6.7) 14 12.39(7.53, 19.73) 431.12 (203.58, 912.98)
  Elementary 801 (47.2) 38 4.74(3.48, 6.44) 568.92 (348.16, 929.65)
  Secondary 460 (27.1) 15 3.26(1.99, 5.31) 253.83 (117.19, 549.79)
  Post-secondary 323 (19) 18 5.57(3.55, 8.64) 457.59 (229.8, 911.15)
Frequency per week of public transit use 0.195
  Never 2288 (79.9) 123 5.38(4.52, 6.38) 572.12 (445.02, 735.53)
  Less than 1 per week 313 (10.9) 18 5.75(3.67, 8.91) 612.15 (304.37, 1231.15)
  1–2 per week 95 (3.3) 10 10.53(5.82, 18.3) 363.60 (131.1, 1008.4)
  3–4 per week 73 (2.5) 2 2.74(0.75, 9.45) 352.62 (0, 4.6 × 1010)
  5–6 per week 74 (2.6) 3 4.05(1.39, 11.25) 214.23 (12.32, 3724.17)
  Daily 21 (0.7) 0 0 N/A
Travel since January 2020 within Canada 0.437
  Yes 301 (10.5) 13 4.32(2.54, 7.25) 341.81 (138.59, 843.01)
  No 2563 (89.5) 143 5.58(4.76, 6.54) 569.99 (452.71, 717.66)
Travel since January 2020 internationally 0.046
  Yes 389 (13.6) 30 7.71(5.46, 10.8) 446.08 (255.43, 779.04)
  No 2475 (86.4) 126 5.09(4.29, 6.03) 573.19 (449.07, 731.63)
Exposure to someone with a positive COVID-19 test < 0.001
  Yes 408 (14.2) 72 17.65(14.25, 

21.64)
810.53 (620.5, 1058.76)

  No 1909 (66.7) 58 3.04(2.36, 3.91) 389.44 (279.7, 542.23)
  Unknown 547 (19.1) 26 4.75(3.26, 6.87) 562.56 (276.08, 1146.31)
TYPE OF EXPOSUREf

  Household contact (N = 612) < 0.001
    Yes 128 (20.9) 48 37.5(29.59, 46.14) 915.83 (710.2, 1181)
    No 484 (79.1) 89 18.39(15.19, 

22.08)
831.99 (636.75, 1087.09)

  Friend(N = 612) 0.003
    Yes 129 (21.1) 16 12.4(7.78, 19.2) 521.47 (260.01, 1045.86)

Table 1  (continued) 
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Anti-S IgG concentrations
Among seropositive participants, the anti-S IgG geomet-
ric mean concentration (GMC) was 660 AU/mL (95% CI: 
502, 869). Antibody concentrations were higher among 
those with reported a positive COVID-19 testing history 

compared with those with a negative testing history. Spe-
cifically, of those with positive anti-S IgG, the GMC was 
895 AU/mL (95% CI: 615, 1303) for those who reported a 
positive testing history, compared with 508 AU/mL (95% 
CI: 341, 758) for those who reported a negative testing 
history. Of those who reported no history of SARS-CoV-2 
test, anti-S IgG GMCs were 434.58 (307.67, 613.85).

Discussion
This analysis, which evaluated SARS-CoV-2 seropositiv-
ity in unvaccinated children through May 2022, demon-
strated a low seropositivity rate in 2021, despite returns 
to in-person schooling. Seropositivity was increased in 
early 2022, associated with the Omicron variant. These 
results support the idea that targeted preventive inter-
ventions can allow children and youth to safely continue 
social and educational activities in person, thus mini-
mizing psychosocial effects [12–14]. Despite evaluation 
of potential exposures, the main risks of seropositivity 
reflected demographic factors (i.e., age, ethnicity). We 
speculate the reported high rates of adherence to public 
health measures such as masking may have mitigated risk 

Table 2  Infection prevention and control behaviours
Question1 Overall 

Mean 
score

N less 
confident

N neutral 
(scale 
median)

N confi-
dent

Hand washing or 
use of sanitizer in 
indoor spaces

4.46 79 186 2597

Maintain a dis-
tance of 2 m from 
members of the 
public in indoor 
spaces

4.00 68 454 2341

Wear a mask or 
face covering in 
indoor spaces

4.17 305 248 2308

1Each question was ranked on a 5-point Likert scale, with 5 representing use 
every time, and 1 representing never using these behaviours. Responses were 
divided into three: scores 4 or 5 (most of the time or every time), neutral scores 
of 3, and scores of 1 or 2 (rarely or never).

Characteristica,b Total N 
(%)
N = 2864

N with Posi-
tive COVID-19 
Antibodies
N = 156

Seroprevalence 
(95%CI)

Pc Spike antibody 
geometric mean 
concentration AU/mL 
(95% CI)d

    No 483 (78.9) 121 25.05(21.39, 29.1) 919.36 (752.77, 1122.83)
  School, college, or university contact (N = 612) 0.004
    Yes 144 (23.5) 19 13.19(8.61, 19.69) 736.33 (353.17, 1535.16)
    No 468 (76.5) 118 25.21(21.49, 

29.34)
882.31 (724.96, 1073.81)

Number of household members (N = 2863) 0.832
  Less than three 597 (20.9) 33 5.53(3.96, 7.66) 649.56 (354.08, 1191.63)
  Three 1006 (35.1) 51 5.07(3.88, 6.6) 520.89 (386.57, 701.9)
  More than three 1260 (44) 71 5.63(4.49, 7.05) 494.85 (337.92, 724.67)
Number of household members working 0.724
  Zero 849 (29.6) 47 5.54(4.19, 7.28) 738.7 (507.27, 1075.73)
  One 836 (29.2) 41 4.9(3.64, 6.59) 549.88 (353.58, 855.18)
  Two 927 (32.4) 51 5.5(4.21, 7.16) 402.07 (268.8, 601.4)
  Three or more 252 (8.8) 17 6.75(4.25, 10.54) 584.87 (258.43, 1323.63)
Number of household members in school 0.987
  Zero 1512 (52.8) 82 5.42(4.39, 6.68) 751.99 (544.41, 1038.72)
  One 928 (32.4) 52 5.6(4.3, 7.27) 423.61 (299.84, 598.46)
  Two 338 (11.8) 17 5.03(3.16, 7.91) 345.92 (174.03, 687.6)
  Three or more 86 (3) 5 5.81(2.51, 12.9) 191.81 (68.94, 533.68)
a 95% CI = 95th percentile confidence interval; N = number
bData not available for some variables in participants declined to answer, or question was only applicable to a sub-set of participants. For each variable where 
there are unknown individuals or the variable only applies to a sub-set of participants, the total denominator is indicated. Percentages are of those known for each 
variable. Additional variables not presented in this table are available in supplemental digital content three
cP-values represent the seroprevalence within each variable
dAntibody concentration only calculated from those meeting the threshold for seropositivity; Positivity thresholds for anti-S was defined as 75 AU/mL.
eAn additional 539 participants reported leaving home for other non-specified reasons apart from school, work, daycare. Participants could leave home for more 
than one reason
fExposure source only presented for those with known exposure to an individual with COVID-19.

Table 1  (continued) 
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in congregate settings. These results are also in keeping 
with other seroprevalence and contact tracing studies 
conducted in BC school settings that showed low rates of 
SARS-CoV-2 transmission [15–19].

We demonstrated a higher seropositivity among infants 
and young adults compared with school-aged children. 
Our findings contrast with other cohorts in which sero-
positivity has been reported. A British study completed 
in 2020 demonstrated no difference among age groups, 

while a Greek study completed over 2020–2021 found 
higher rates among 4–6 year-olds particularly earlier in 
the pandemic and lowest rates among those 0–1 years, 
whereas we found higher rates in our youngest (0–4 
years) and oldest (20–24 years) participants despite 
school-aged children returning to in-person schooling 
during our study period [3, 20]. However, our data gen-
erally correlated with the overall distribution of SARS-
CoV-2 cases in BC since the onset of the pandemic, with 

Fig. 2  SARS-CoV-2 anti-S IgG seroprevalence by date amongst children and youth in BC, November 2020-May 2022. SARS-CoV-2 seroprevalence for un-
vaccinated children and youth in British Columbia, Canada by date of sample between November 2020 and May 2022. Those under age 25 were included 
from November 2020-May 2021; data from June 2021 and onward representative of children aged under ten. Aggregated seroprevalence calculated from 
all samples collected in the calendar month
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rates among 20–29 year-olds much higher than those in 
ages 10–19 or those under age 10.

Our study demonstrated higher seropositivity among 
South Asian participants compared with participants 
with other ethnicities. Neighbourhood-level analysis 
of COVID-19 cases in Ontario identified several socio-
demographic variables associated with higher incidence 

and mortality, and particularly highlight neighborhoods 
with high proportions of immigrants, minoritized popu-
lations, and specifically areas with higher proportions 
of Black, Latin American, and South Asian residents 
[21–24]. These elevated rates were directly seen among 
those in the lowest income quintiles, and related to hous-
ing conditions, precarious occupations, and rooted in 
other systemic inequalities [21, 24, 25]. We found similar 

Table 3  Seroprevalence by timepointa,b

Phase 1 Total N 
(% of 
time 
period)

N 
positive

Seroprevalence 95% 
CI

  November 
2020 - May 
2021 (Ancestral 
and pre-Delta 
variants)
    0–4 years 335 (15.9) 11 3.28 1.84, 

5.78
    5–9 years 401 (19.0) 17 4.24 2.66, 

6.68
    All 0–9 
years

736 28 3.80 2.65, 
5.44

    10–14 years 455 (21.6) 14 3.08 1.84, 
5.1

    15–19 years 458 (21.7) 18 2.50 2.50, 
6.13

    20–24 years 461 (21.8) 33 5.14 5.14, 
9.88

Phase 2
  June 2021– 
December 2021 
(Delta variant)c

    0–4 years 190 (32.3) 16 8.42 5.25, 
13.24

    5–9 years 399 (67.7) 22 5.51 3.67, 
8.21

    All 0–9 
yearsd

589 38 6.45 4.74, 
8.73

  January 
2022– May 
2022 (Omicron 
variant)c

    0–4 years 73 (88.0) 16 21.92 13.97, 
32.68

    5–9 years 10 (12.1) 6 60.00 31.27, 
83.18

    All 0–9 
yearsd

83 22 26.51 18.2, 
36.89

a95% CI = 95th percentile confidence interval; N = number.
bTime periods reflect changes in the dominant variant of concern, with the 
first period reflecting the ancestral and pre-Delta variants of SARS-CoV-2 (April 
2020-June 2021), the second period reflecting the emergence of Delta variant 
(June 2021-December 2021), and the third period reflecting the emergence of 
Omicron variant (December 2021 through end of study).
cData restricted to those under age 10 due to the availability of SARS-CoV-2 
vaccines for children and young adults ages 12 and older to represent vaccine 
naïve population.
dData for those < 10 years old combined from original age cohorts 0–4 and 5–9 
presented above.

Table 4  Multivariable analysisa

MODEL 1 (N = 2863) Adjust-
ed Odds 
Ratio

95% 
Confidence 
Interval

P-value

Age groups
  0–4 ref ref ref
  05–9 0.79 0.51, 1.21 0.282
  10–14 0.41 0.22, 0.77 0.005
  15–19 0.57 0.32, 1.03 0.063
  20–24 1.11 0.67, 1.84 0.676
Ethnicity
  White ref ref ref
  Chinese 0.48 0.15, 1.58 0.228
  South Asian 2.95 1.44, 6.04 0.003
  Mixed 1.23 0.76, 1.98 0.402
  Other 1.46 0.96, 2.22 0.08
Travel
  No travel ref ref ref
  Travel within Canada only 0.69 0.35, 1.35 0.276
  Travel internationally only 1.62 1.03, 2.55 0.036
  Travel within Canada and 
internationally

1.58 0.47, 5.33 0.459

MODEL 2(N = 1408)b Adjust-
ed Odds 
Ratio

95% 
Confidence 
Interval

P-value

  Time Periodc

    November 2020– May 2021 ref ref ref
    June 2021– December 2021 1.87 1.13, 3.11 0.015
    January 2022– May 2022 9.57 5.13, 17.86 < 0.001
  Travel
    No travel ref ref ref
    Travel within Canada only 0.48 0.14, 1.58 0.225
    Travel internationally only 2.15 1.19, 3.91 0.012
    Travel within Canada and 
internationally

2.24 0.23, 21.43 0.484

aAge, sex, ethnicity, health region, pre-existing medical condition, and travel, 
were included in the models a priori. Variables with p-value < 0.1 from univariate 
models were included in the initial multivariable model and an Akaike 
Information Criterion based backward elimination procedure was applied; any 
variables with an adjusted p-value of < 0.05 were retained in the final model. We 
analyzed the effect of time in a separate multivariable model, in which age was 
analysed at the univariate model but not retained in the multivariable model. 
Multi-variable analyses only included participants with non-missing data for 
the relevant variables.
bReflects those < 10 years of age, as older age groups removed from later 
periods.
cTime periods reflect changes in the dominant variant of concern, with the 
first period reflecting the ancestral and pre-Delta variants of SARS-CoV-2 (April 
2020-June 2021), the second period reflecting the emergence of Delta variant 
(June 2021-December 2021), and the third period reflecting the emergence of 
Omicron variant (December 2021 through end of study).
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trends among South Asian participants independent of 
age, while we cannot comment on seropositivity rates 
among Black and LatinX British Columbians as they were 
inadequately represented, and cannot comment on the 
correlation between our ethnicity data and these addi-
tional markers of socioeconomic status.

This study demonstrated the utility of DBS to effectively 
reach children and young adults through a convenient 

sampling tool and perform serial seroprevalence testing. 
We demonstrated many seropositive participants that 
reported no previous SARS-CoV-2 test. As future novel 
infections develop, there is a need to identify the disease 
burden across the pediatric age range, particularly among 
young children, whom we have demonstrated to have had 
higher rates of infection, and for whom traditional diag-
nostics requiring invasive sampling can be challenging. 

Table 5  Comparison of acute SARS-CoV-2 testing results and seropositivity
Characteristic Negative COVID-19 

test, negative serol-
ogy N (%)
N = 1059

Negative COVID-19 
test, positive serol-
ogy N (%)
N = 43

Positive COVID-19 
test, negative serol-
ogy N (%)
N = 2

Positive COVID-
19 test, positive 
serology N (%)
N = 36

Age
  0–4 256 (24.2) 12 (27.9) 1 (50) 15 (41.7)
  5–9 398 (37.6) 12 (27.9) 1 (50) 12 (33.3)
  10–14 138 (13) 3 (7) 0 1 (2.8)
  15–19 119 (11.2) 4 (9.3) 0 4 (11.1)
  20–24 148 (14) 12 (27.9) 0 4 (11.1)
Sex
  Male 508 (48) 17 (39.5) 0 18 (50)
  Female 551 (52) 26 (60.5) 2 (100) 18 (50)
Gender
  Man/boy 506 (47.8) 17 (39.5) 0 18 (50)
  Woman/Girl 540 (51) 26 (60.5) 2 (100) 18 (50)
  Non-binary, genderqueer, agender, two spirit, other 13 (1.2) 0 0 0
Ethnicity
  White 632 (59.7) 23 (53.5) 2 (100) 21 (58.3)
  Chinese 35 (3.3) 1 (2.3) 0 0
  South Asian 23 (2.2) 3 (7) 0 1 (2.8)
  Mixed 145 (13.7) 6 (14) 0 4 (11.1)
  Other 224 (21.2) 10 (23.3) 0 10 (27.8)
Health region
  Vancouver Coastal 340 (32.1) 16 (37.2) 0 10 (27.8)
  Fraser 287 (27.1) 14 (32.6) 1 (50) 14 (38.9)
  Interior 55 (5.2) 3 (7) 0 1 (2.8)
  Northern 20 (1.9) 0 0 0
  Island 93 (8.8) 3 (7) 1 (50) 1 (2.8)
Pre-existing medical condition
  No medical condition 872 (82.3) 39 (90.7) 1 (50) 30 (83.3)
  Medical condition 187 (17.7) 4 (9.3) 1 (50) 6 (16.7)
Participant (child) leaving home
  Work 195 (18.4) 11 (25.6) 0 4 (11.1)
  School 623 (58.8) 25 (58.1) 1 (50) 18 (50)
  Daycare 210 (19.8) 6 (14) 1 (50) 6 (16.7)
  None 24 (2.3) 1 (2.3) 0 1 (2.8)
  Other 193 (18.2) 4 (9.3) 0 6 (16.7)
Since January 2020, travel outside of BC
  Travel within Canada 109 (10.3) 7 (16.3) 1 (50) 1 (2.8)
  Travel outside of Canada 157 (14.8) 9 (20.9) 0 8 (22.2)
  No travel 610 (57.6) 21 (48.8) 1 (50) 19 (52.8)
Exposure to contact with a positive COVID-19 test
  Yes 196 (18.5) 23 (53.5) 1 (50) 31 (86.1)
  No 665 (62.8) 16 (37.2) 1 (50) 2 (5.6)
  Unknown 198 (18.7) 4 (9.3) 0 3 (8.3)
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Diagnostics that are sensitive and child-friendly are 
important for adequately assessing the disease burden to 
allow for appropriate public health guidelines. Our use of 
DBS across age groups, allowing for diverse cross-pro-
vincial sampling and allow for more inclusive sampling of 
participants in rural and remote communities, highlights 
the opportunity for use of DBS as a child-friendly tool.

Seropositivity rates were variable across settings and 
remained low across Canada through mid-2021. Our 
study identified a higher SARS-CoV-2 infection burden 
compared to provincial rates based on SARS-CoV-2 poly-
merase chain reaction (PCR) data. While the BCCDC 
reported a PCR positivity rate of 1.7% in children aged 
ten years and under through May, 2021, we found a sero-
positivity of 4% in the same age-specific cohort over a 
similar time period [26]. The BCCDC reported PCR 
positivity rates of approximately 4% by early January 
2022 and 6% by May 2022 in the same age group, while 
we found a seropositivity of 6.5% and 26.5 in those time 
periods, respectively [27, 28]. In contrast, a series of 
cross-sectional serosurveys study in BC reported simi-
lar estimates in January 2021 to our data in snapshots 
between November 2020 through May 2021, but our 
later seropositivity estimates were substantially lower 
than their reported infection-induced seroprevalence 
[6]. However, differences between the two studies likely 
reflect differences in study design and sampled popula-
tion, limiting opportunities for direct comparison.

This analysis has numerous strengths. Our study popu-
lation was largely representative of the provincial multi-
ethnic makeup; while South Asians make up 5.8% of the 
BC population and Chinese make up 7.9%, they made up 
2.6% and 3.7% of our cohort respectively, with an addi-
tional 14% reporting mixed ethnicity [29]. Our study 
also contains substantial self-reported data of illnesses, 
behaviours and symptoms, along with seropositivity data. 
We were able to sample a large cohort of participants 
regardless of geographic proximity to a SARS-CoV-2 
testing centre. We had low rates of missing data for core 
demographics, including self-reported ethnicity. Further-
more, the use of DBS had good sensitivity for detecting 
SARS-CoV-2 infection, with few participants reporting 
a positive test having a negative serology on DBS. How-
ever, this study also has several limitations. Those living 
in the north and outside of the lower mainland, Indig-
enous children and young adults, and participants who 
were not comfortable completing an English-language 
survey, were under-represented. While we aimed to 
design the study to be accessible across socioeconomic 
statuses (SES), participants of a low SES background 
are often under-represented in research. Other Cana-
dian studies have highlighted that these individuals may 
have been disproportionately affected by the pandemic. 
Our recruitment methods may have led to sampling of 

healthier participants than the general population [24, 
25]. As these participants represents a snapshot in time, 
it does not capture the rate at which seropositivity may 
wane over time in individuals and does not capture the 
potentially improved hybrid immunity provided by vac-
cination and infection. The wide time periods reported 
here do not capture more subtle changes in seropositivity 
over the course of the reported time periods. Youth over 
age ten were not able to be included across both phases, 
limiting our ability to assess these age groups later in the 
pandemic. Since seronegative participants from phase 
1 were allowed to re-enrol in phase 2, it is possible that 
they may have cause subtle selection bias in our phase 
2 cohort leading to more seronegative participants, 
though the number of participants who re-enrolled was 
very small, and they had the potential to have become 
infected between phase 1 and phase 2. Finally, while our 
DBS samples identified nearly all participants (94%) who 
reported a prior positive SARS-CoV-2 testing, it may be 
less sensitive than alternate diagnostics. However, due 
to its relative ease of use compared to acquiring serum 
specimens, population-wide estimates based on DBS 
sampling may enable representative seroprevalence esti-
mates across large geographic areas; further direct com-
parison studies would be helpful for evaluating these 
different approaches.

Conclusions
In this observational study, we found an overall seroposi-
tivity of 5.5% among children and young adults under the 
age of 25 in British Columbia between November 2020 
and May 2022, with higher seropositivity rates among 
infants ages 0–4 and young adults ages 20–24. Ongoing 
seropositivity tracking will help understand the epide-
miological changes of SARS-CoV-2 variants. Our results 
reinforce the need for improved surveillance and report-
ing mechanisms that account for age-dependent dis-
ease to better understand pandemic dynamics. Though 
vaccination among children and young adults remains 
important, our data provide additional reassurance that 
widespread transmission did not occur among suscep-
tible children that continued in-person activities through 
much of the pandemic.
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