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Background: Household transmission contributes to SARS-CoV-2 spread, but the role of children in transmission is unclear. We
conducted a study that included symptomatic and asymptomatic children and adults exposed to SARS-CoV-2 in their households
with the objective of determining how SARS-CoV-2 is transmitted within households.

Methods: In this case-ascertained antibody-surveillance study, we enrolled households in Ottawa, Ontario, in which at least 1 house-
hold member had tested positive for SARS-CoV-2 on reverse transcription polymerase chain reaction testing. The enrolment period
was September 2020 to March 2021. Potentially eligible participants were identified if they had tested positive for SARS-CoV-2 at an
academic emergency department or affiliated testing centre; people who learned about the study through the media could also self-
identify for participation. At least 2 participants were required for a household to be eligible for study participation, and at least
1 enrolled participant per household had to be a child (age < 18 yr). Enzyme-linked immunosorbent assays were used to evaluate
SARS-CoV-2-specific IgA, IgM and IgG against the spike-trimer and nucleocapsid protein. The primary outcome was household sec-
ondary attack rate, defined as the proportion of household contacts positive for SARS-CoV-2 antibody among the total number of
household contacts participating in the study. We performed descriptive statistics at both the individual and household levels. To esti-
mate and compare outcomes between patient subgroups, and to examine predictors of household transmission, we fitted a series of
multivariable logistic regression with robust standard errors to account for clustering of individuals within households.

Results: We enrolled 695 participants from 180 households: 180 index participants (74 children, 106 adults) and 515 of their household
contacts (266 children, 249 adults). A total of 487 household contacts (94.6%) (246 children, 241 adults) had SARS-CoV-2 antibody test-
ing, of whom 239 had a positive result (secondary attack rate 49.1%, 95% confidence interval [Cl] 42.9%—55.3%). Eighty-eight (36.8%,
95% Cl 29.3%—43.2%) of the 239 were asymptomatic; asymptomatic rates were similar for children (51/130 [39.2%, 95% Cl 30.7%—
48.5%]) and adults (37/115 [32.2%, 95% Cl 24.2%—41.4%)]) (odds ratio [OR] 1.3, 95% CI 0.8—2.1). Adults were more likely than children
to transmit SARS-CoV-2 (OR 2.2, 95% CI 1.3-3.6). The odds of transmission from asymptomatic (OR 0.6, 95% CIl 0.2—1.4) versus
symptomatic (OR 0.9, 95% CI 0.6—1.4) index participants to household contacts was uncertain. Predictors of household transmission
included household density (number of people per bedroom), relationship to index participant and number of cases in the household.

Interpretation: The rate of SARS-CoV-2 transmission within households was nearly 50% during the study period, and children were
an important source of spread. The findings suggest that children are an important driver of the COVID-19 pandemic; this should
inform public health policy.
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with a 10-fold higher risk of infection compared to exposure Correspondence to: Maala Bhatt, mbhatt@cheo.on.ca

outside the home.® However, the reported rate of SARS- CMAJ Open 2022 April 12. DOI:10.9778/cmajo.20220026
CoV-2 spread within households depends on the surveillance

Competing interests: None declared.

This article has been peer reviewed.

© 2022 CMA Impact Inc. or its licensors CMAJ OPEN, 10(2) E357



OPEN

method. Meta-analyses of household transmission studies in
which viral swabs were primarily used for detection showed a
secondary attack rate of 19%,"? but reliance on viral swabs
may underestimate transmission, and experts have advocated
for the addition of serologic testing to enhance studies of
household transmission.””

Evaluating SARS-CoV-2-specific antibodies provides addi-
tional information about recent and past infection, as antibod-
ies are detected reliably within 1-2 weeks after symptom
onset.!*!? Previous studies using antibody detection suggested
that the rate of household transmission may range from 20%
to 80%.1718 These studies were limited: some tested small
proportions of household members, and others excluded chil-
dren or focused on transmission by adults.”!3-13:17-21 Few
investigated the proportion of household members who
developed antibodies after exposure to an infected child.

The role of children in transmission warrants attention,
since they are often asymptomatic or have mild symp-
toms.'®?228 Addressing this gap in the literature would allow a
more evidence-based approach to public health initiatives,
given that COVID-19 pandemic control strategies have often
affected the lives of children and youth (e.g., school closures,
suspension of recreational activities), as well as negatively
affecting their overall well-being.?**°

Analysis of household transmission of SARS-CoV-2 is
central to the development of health policies that protect
vulnerable people while minimizing the impact on chil-
dren.?”?*! We conducted an antibody surveillance study that
included symptomatic and asymptomatic children and
adults exposed to SARS-CoV-2 in their households with the
objective of determining how SARS-CoV-2 infection is
transmitted within households.

Study design and setting

We conducted a prospective, case-ascertained antibody-
surveillance study of households in Ottawa, Ontario (popula-
tion 1 million*?) in which at least 1 member had SARS-CoV-2
infection from September 2020 to March 2021, when com-
munity cases ranged from 6 to 12 per 100 000 population.*
The study was reported according to the STROBE guideline
for cohort studies.**

Participants
Households were eligible if an adult or child tested positive
for SARS-CoV-2 by reverse transcription polymerase chain
reaction (RT-PCR) from a throat or nasopharyngeal swab.
Polymerase chain reaction testing was voluntary and was per-
formed in accordance with public health guidelines at the
time (e.g., symptoms, history of travel, contact at high risk).**
In addition to the SARS-CoV-2-positive person, enrolment of
at least 1 additional household member was required; an
attempt was made to enrol all household members. At least
1 member of the household had to be a child (age < 18 yr).
We defined household members as people residing in the
same dwelling as the index participant. If more than 1 person
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in a household tested positive within 14 days, the index partic-
ipant was the person who first developed symptoms or, in the
absence of symptoms, the first to test positive. There was no
maximum allowable time between index participant infection
and study enrolment. Households were excluded if any mem-
ber had received a COVID-19 vaccine before enrolment or
was not comfortable communicating in English or French.

We informed the Ottawa population about the study
through media and social media campaigns. Self-identified
potentially eligible participants were invited to contact the
study team via a dedicated study email address. Potendally eli-
gible participants (those who tested positive for SARS-CoV-2
at any of the 3 academic emergency departments or the affili-
ated regional COVID-19 testing centre) were also identified
by the study team.

Study protocol

In-person enrolment visits were booked within 14 days of
patient screening or consent, but a minimum of 14 days was
required between a positive RT-PCR test result and the study
visit. Enrolment visits were conducted by a trained study team
at the Children’s Hospital of Eastern Ontario; all household
members attended the same appointment.

Data collection

A questionnaire informed by the World Health Organization
household transmission investigation protocol®* was adminis-
tered by a trained research assistant to standardize and harmo-
nize data collection in order to optimize accuracy; a question-
naire was completed for the index participant and each
household member at the study visit. Data were collected on
demographic characteristics, household composition and den-
sity (number of people per bedroom?®), COVID-19 symp-
toms, distancing protocols in the home during the illness,
medical and smoking histories, and all RT-PCR testing com-
pleted before enrolment. Blood samples for SARS-CoV-2
antibody testing were drawn from all participants at the study
visit. Within 3 hours of phlebotomy, the serum was separated
and stored at —80°C until ready for analysis at the Langlois
Laboratory, University of Ottawa.

Automated chemiluminescent enzyme-linked immunosor-
bent assays (ELISAs), adapted and optimized from the assay
described by Isho and colleagues,’” were used to evaluate
SARS-CoV-2-specific IgA, IgM and IgG against the spike-
trimer and nucleocapsid protein. This serologic testing plat-
form was validated and compared with 10 commercial plat-
forms by the National Microbiology Laboratory of Canada
and was found to perform as well as the most accurate com-
mercial tests, with sensitivity and specificity greater than 98%
(Appendix 1, Figure S1, available at www.cmajopen.ca/
content/10/2/E357/suppl/DC1).%

For each sample of a specific plate, the average background
luminescence value from up to 8 negative control samples was
removed. The resulting values were rescaled based on the
luminescence value corresponding to the half-maximal inhibi-
tory concentration value of a 4-parameter log-logistic stan-
dard curve also included on the plate. Signal-to-cut-off values



were calculated with cut-offs corresponding to a 2% false-
discovery rate for each antigen—antibody pair, derived from
the scaled luminescence of 580 prepandemic serum samples
calculated by means of the same approach.

Samples were considered antibody positive for a particular
isotype (IgG, IgA or IgM) when both antispike and anti-
nucleocapsid antibodies were detected above the cut-off val-
ues (signal-to-cut-off value 2 1) for that isotype. Samples were
considered positive for SARS-CoV-2 antibody if they were
positive for IgG or for both IgA and IgM.

Outcomes

The primary outcome was the household secondary attack
rate — the proportion of infected household contacts (positive
for SARS-CoV-2 antibody) among the total number of house-
hold contacts participating in the study.*” Household contacts
were deemed infected if they met the criteria for SARS-CoV-2
antibody positivity. Secondary outcomes were the proportion
of asymptomatic infections among household contacts, by age,
and clinical risk factors for household transmission.

We defined asymptomatic infection as positivity for SARS-
CoV-2 antibody in the absence of symptoms. We chose risk
factors for transmission a priori, based on prior studies and
clinical knowledge.!*?® We defined distancing as isolating
from the SARS-CoV-2-positive household member(s) or
always masking indoors in the presence of the SARS-CoV-
2-positive member(s), or both.*?

Statistical analysis

We described patient and household characteristics using
summary statistics. We described variables with patients strat-
ified by participant type (index participants or household con-
tact) or age (child or adult) subgroups, or both.

To estimate and compare the proportion of household
contacts who developed SARS-CoV-2 antibodies among
patient subgroups based on age of the index/household con-
tact, we fitted logistic regression models specifying index par-
ticipant’s age alone; household contact’s age alone; an interac-
tion between index (child v. adult) and household contact’s
age (child v. adult); and an interaction between the index’s age
(6 categories) and household contact’s age (child v. adult),
with estimation of robust (Huber-White) standard errors to
account for clustering of individuals within a household
unit.*** We derived estimates of proportions, odds ratios
(ORs) and 95% confidence intervals (Cls) from these models.

To examine predictors of SARS-CoV-2 antibody develop-
ment among household contacts, we applied a multivariable
logistic regression with estimation of robust standard errors with
household as the clustering unit. Predictors specified included
age, sex, total number of SARS-CoV-2-positive household
members (including the index participant), household density,
mask-wearing frequency, whether completely isolated from
index participant, presence of underlying comorbidity, whether
present smoker or vaper, relationship to index participant,
whether the index participant was admitted to hospital and
whether the index participant was symptomatic. We expressed
associations as adjusted OR and associated 95% CI. We assessed
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the discriminative ability of the model using the C-statistic.
Observations were excluded if there were any missing data.

We performed statistical analyses using R software, version
4.0.5 (R Foundation for Statistical Computing).

Ethics approval

The study received approval from the Children’s Hospital of
Eastern Ontario Research Ethics Board (20/81X), the Ottawa
Health Science Network Research Ethics Board (20200673-
01K) and the University of Ottawa Health Sciences and Sci-
ence Research Ethics Board (20200358). Informed written
consent was obtained from all participants or their parent or
guardian, and assent was obtained when appropriate.

A total of 180 people (74 children, 106 adults) confirmed to be
SARS-CoV-2-positive and 515 (266 children, 249 adults) of
their household contacts were enrolled (Figure 1). Index par-
ticipants and household contacts were enrolled a median of
46 days (interquartile range [IQR] 32-86 d) and 41 days IQR
28-73 d), respectively, after infection was confirmed in the
index participant. A median of 4 IQR 3-4) members per
household were enrolled; in 137 households (76.1%), all mem-
bers were enrolled. In 156 households (87.2%), all children
participated in the study, and in 147 households (82.1%), all
adults participated. The median household density was 1.25
(IQR 1.0-1.3) people per bedroom. Of the 454 household
contacts (88.1%) who reported being tested for SARS-CoV-2
before study enrolment, 158 (34.8%) had a positive result
within 14 days of the index participant’s positive test result.
Baseline characteristics of the index participants and
household contacts are provided in Table 1 and Appendix 1,
Table S1. Of the 106 adult index participants, 57 (54.3%)
were female, and the median age was 40 (IQR 36-45) years.
Of the 74 child index participants, 24 (32.4%) were female,
and the median age was 8 (IQR 5-12) years. There were 19
asymptomatic infections among the index participants, 13
(68%) in children. Forty-five household contacts (8.7%) were
completely isolated from the index participant, and 44 (8.5%)
always wore a mask while indoors with the index participant.

Incidence of household infection and transmission
Testing for SARS-CoV-2 antibody was done in 487 household
contacts (94.6%), of whom 239 had a positive result (secondary
attack rate 49.1%, 95% CI 42.9%-55.3%) (Table 2). Of the
239, 88 (36.8%, 95% CI 29.3%-43.2%) were asymptomatic.
Asymptomatic rates were similar among child household con-
tacts (51/130 [39.2%, 95% CI 30.7%-48.5%) and adult house-
hold contacts (37/115 [32.2%, 95% CI 24.2%-41.4%]) (OR
1.3, 95% CI 0.8-2.1). Positivity rates among those tested less
than 30 days, 30-90 days or more than 90 days after a positive
SARS-CoV-2 test result were similar (Appendix 1, Table S2).

In 57/181 households (31.5%, 95% CI 25.2%-38.6%), all
household members were positive for SARS-CoV-2 antibody;
there was no secondary transmission in 27 households
(14.9%, 95% CI 10.5%-20.8%).
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Households expressing interest in
study participation
n =221

—— Excluded: not yet screened for eligibility at
time of analysis n=7

Contacted for eligibility screening
n=214

—— Excluded n=5
* No confirmed positive RT-PCR test result n =1
* No children in household n =1
* Index participant received vaccine n=3

Eligible for study participation
n =209

—— Excluded n =29
* Declined consent n =13
* Not yet enrolled at time of analysis n=16

Enrolled n =180
Household contacts approached
n =582

A A

Child index participant* Adult index participantt
n=74 n =106

I |

Household contact Household contact
n =206 n =309

Child
n=72

Adult
n=134

Child
n=194

Adult
n=115

|

|

|

|

Had antibody
testing
n =65

Had antibody
testing
n=129

Had antibody
testing
n=181

Had antibody
testing
n=112

Figure 1: Flow diagram showing screening and enrolment of study population. *Age less than 18 years. TAge 18 years or more. Note: RT-

PCR = reverse transcription polymerase chain reaction.

Transmission by age

The proportion and associations of household contacts posi-
tive for SARS-CoV-2 antibody, by age of the index partici-
pant, are shown in Table 2 and Appendix 1, Table S3. Adult
index participants were more likely than child index partici-
pants to transmit infection (OR 2.2, 95% CI 1.3-3.6). In
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households in which the index participant was a child,
72/194 members (37.1%, 95% CI 27.7%-47.6%) had SARS-
CoV-2 antibody; the odds of transmission to other children
versus adults was 1.2 (95% CI 0.8-2.0).

The youngest children (age < 3 yr) transmitted to a lower
proportion of household contacts (6/32 [18.8%, 95% CI
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Table 1: Baseline characteristics of people who tested positive for SARS-CoV-2 by reverse transcription polymerase chain reaction

(index participants) and household contacts

Index participants, no. (%)*

Household contacts, no. (%)*

Overall Children Adults Overall Children Adults
Characteristic n=180 n=74 n =106 n=>515 n =266 n =249
Age, median (IQR), yr 33.9 (9.6-415) 8.2(5.4-12.5) 40.5(36.3-45.3) 171 (8.7-41.4) 8.9 (5.2-12.9)  41.9 (36.6-47.0)
Age group, yr
<3 11 (6.1) 11 (14.9) - 47 (9.1) 47 (17.7) -
4-11 43 (23.9) 43 (58.1) - 142 (27.6) 142 (53.4) -
12-17 20 (11.1) 20 (27.0) — 77 (15.0) 77 (28.9) -
18-29 9 (5.0) - 9 (8.5) 17 (3.3) - 17 (6.8)
30-39 42 (23.3) - 42 (39.6) 80 (15.5) - 80 (32.1)
40-49 44 (24.4) - 44 (41.5) 108 (21.0) - 108 (43.4)
> 50 11 (6.1) - 11 (10.4) 44 (8.5) - 44 (17.7)
Sex
Female 81 (45.0) 24 (32.4) 57 (53.8) 275 (53.4) 139 (52.3) 136 (54.6)
Male 98 (54.4) 50 (67.6) 48 (45.3) 238 (46.2) 126 (47.4) 112 (45.0)
Missing 1(0.6) 0 (0.0) 1(0.9) 2(0.4) 1(0.4) 1(0.4)
Indigenous
Yes 1(0.6) 0 (0.0) 1(0.9) 17 (3.3) 9 (3.4) 8(3.2)
No 179 (99.4) 74 (100.0) 105 (99.0) 494 (95.9) 255 (95.9) 239 (96.0)
Missing 0 (0.0) 0(0.0) 0 (0.0) 4 (0.8) 2(0.8) 2(0.8)
Race or ethnicityt
Black 15 (8.3) 7 (9.5) 8 (7.5) 44 (8.6) 27 (10.2) 17 (6.9)
Asian 3(1.7) 2(2.7) 1(0.9) 18 (3.5) 10 (3.8) 8(3.2)
South Asian 0 (0.0) 0 (0.0) 0 (0.0) 4 (0.8) 3(1.1) 1(0.4)
West Asian/Arab 15 (8.3) 7 (9.5) 8 (7.5) 44 (8.6) 25 (9.5) 19 (7.7)
Latin American 5(2.8) 5 (6.8) 0 (0.0) 8 (1.6) 4 (1.5) 4 (1.6)
White 149 (82.8) 62 (83.8) 87 (82.1) 415 (81.1) 216 (81.8) 199 (80.2)
Othert 2 (1.1) 1 (1.4) 1(0.9) 3 (0.6) 2(0.8) 1(0.4)
Missing 0 (0.0) 0 (0.0) 0 (0.0) 3(0.6) 2(0.8) 1(0.4)
Underlying comorbidity
Yes 46 (25.6) 7 (9.5) 39 (36.8) 93 (18.0) 42 (15.8) 51 (20.5)
No 134 (74.4) 67 (90.5) 67 (63.2) 419 (81.4) 222 (83.4) 197 (79.1)
Missing 0 (0.0) 0 (0.0) 0 (0.0) 3(0.6) 2 (0.8) 1(0.4)
Smoking or vaping 46 (25.6) 5(6.8) 41 (38.7) 142 (27.6) 14 (5.3) 128 (51.4)
Daily/frequently 6 (13.0) 1 (20.0) 5(12.2) 20 (14.1) 0 (0.0) 20 (15.6)
Sometimes/rarely 12 (26.1) 2 (40.0) 10 (24.4) 25 (17.6) 6 (42.8) 19 (14.8)
Past smoker/vaper 28 (60.9) 2 (40.0) 26 (63.4) 94 (66.2) 6 (42.8) 88 (68.8)
Missing 0 (0.0) 0 (0.0) 0 (0.0) 3(2.1) 2 (14.3) 1(0.8)
Working outside home§
Yes 52 (28.9) 3(4.1) 49 (46.2) 88 (17.1) 4 (1.5) 84 (33.7)
No 128 (71.1) 71 (95.9) 57 (53.8) 424 (82.3) 260 (97.7) 164 (65.9)
Missing 0 (0.0) 0 (0.0) 0 (0.0) 3(0.6) 2(0.8) 1(0.4)
Studentt
Yes 76 (42.2) 69 (93.2) 7 (6.6) 261 (50.7) 245 (92.1) 16 (6.4)
No 104 (57.8) 5 (6.8) 99 (93.4) 251 (48.7) 19 (7.1) 232 (93.2)
Missing 0 (0.0) 0 (0.0) 0 (0.0) 3(0.6) 2(0.8) 1(0.4)
Symptom burden9|
Asymptomatic 19 (10.6) 13 (17.6) 6 (5.7) 260 (50.5) 140 (52.6) 120 (48.2)
Mild 154 (85.6) 60 (81.1) 94 (88.7) 248 (48.2) 124 (46.6) 124 (49.8)
Moderate 5(2.8) 1(1.4) 4 (3.8) 3 (0.6) 0 (0.0) 3(1.2)
Severe 2 (1.1) 0 (0.0) 2 (1.9) 1(0.2) 0 (0.0) 1(0.4)
Missing 0 (0.0) 0 (0.0) 0 (0.0) 3(0.6) 2(0.8) 1(0.4)

Note: IQR = interquartile range.
*Except where noted otherwise.

1Self-reported. Participants could choose more than 1 category.
}Unspecified selection of more than 1 category.
§At the time the participant or a household member tested positive.
1Mild = no hospital admission, moderate = hospital admission but not intensive care unit admission, severe = intensive care unit admission.
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Table 2: Proportion of household contacts testing positive for SARS-CoV-2 antibodies by age of index participant
Household contact, all ages Child household contacts Adult household contacts

Group; age, yr n/N* % (95% Cl) n/N* % (95% Cl) n/IN* % (95% Cl) OR (95% CI)t

Index participants, all 239/487  49.1 (42.9-55.3)  130/246  52.8 (45.3-60.2)  109/241 452 (38.4-52.2) 0.8 (0.6-1.1)

ages

Child index participants 72/194 371 (27.7-47.6) 23/65 35.4 (23.1-50.0) 49/129 38.0 (28.6-48.4) 1.2 (0.8-2.0)
<3 6/32 18.8 (7.0-41.3) 1/11 9.1 (1.0-50.3) 5/21 23.8 (7.3-55.5) 3.2 (0.2-48.0)
4-11 47/113 41.6 (29.0-55.4) 17/40 425 (26.7-60.0)  30/73  41.1(28.4-55.1) 1.0 (0.6-1.7)
12-17 19/49 38.8 (20.8-60.4) 5/14 35.7 (12.4-68.5) 14/35  40.0 (23.3-59.3) 1.6 (0.7-3.7)

Adult index participants ~ 167/293 57.0 (49.5-64.2) 107/181 59.1 (50.3-67.4) 60/112 53.6 (44.8-62.1) 0.9 (0.6-1.3)
18-29 17/32 53.1 (32.3-72.9) 7/15 46.7 (26.0-68.6) 10117 58.8 (34.0-79.9) 1.6 (0.8-3.3)
30-49 130/230  56.5 (47.7-64.9) 90/152  59.2 (49.4-68.3)  40/78 51.3 (40.7-61.8) 0.8 (0.6-1.2)
=50 20/31 64.5 (43.9-80.9) 10/14 71.4 (34.9-92.1) 10/17 58.8 (39.0-76.1) 0.7 (0.2-2.8)

Note: Cl = confidence interval, OR = odds ratio.

*n/N = number of household contacts with SARS-CoV-2 antibodies in households in which the index participant was in a specified age category/total number of household

contacts in households in which the index participant was in specified age category.

1Odds that an adult versus a child in the household would become infected from index participant of a given age.

7.0%-41.3%]) than did those aged 4-11 (47/113 [41.6%,
95% CI 29.0%-55.4%]) and 12-17 (19/49 [38.8%, 95% CI
20.8%-60.4%]) (OR 3.0, 95% CI 0.9-10.0 and 2.7, 95% CI
0.7-10.5, respectively). In households in which the index
participant was an adult, 167/293 members (57.0%, 95% CI
49.5%—64.2%) were positive for SARS-CoV-2 antibody; the
odds of transmission to children versus adults was 0.9 (95%
CI 0.6-1.3). For index participants of all ages, the secondary
risk to child versus adult household contacts was similar (OR
0.8,95% Cl10.6-1.1).

Transmission by symptoms

The rate of transmission from asymptomatic index partici-
pants to household contacts was 35.3% (95% CI 18.5%-
56.8%), and the rate of transmission from symptomatic index
participants was 50.7% (95% CI 44.2%-57.1%) (OR 0.6,
95% CI 0.2-1.4) (Table 3).

Risk factors for transmission

Results from the multivariable logistic regression analyses are
summarized in Figure 2 and Appendix 1, Table S4. Compared
to households in which the index participant was the only
infected person, the odds of transmission increased with every
additional infected member (OR 3.0, 95% CI 2.1-4.2).
Lower-density households were associated with lower trans-
mission rates (OR 0.8, 95% CI 0.7-1.0). The odds of an
adult’s transmitting to a child were higher compared to the
odds of a child’s transmitting to another child (OR 2.0, 95%
CI 1.0-4.2). The odds of transmission was 2.6 (95% CI 0.8-
8.0) if the index participant was admitted to hospital. Isolation
of the index participant and indoor masking were not associ-
ated with decreased transmission. The odds of transmission
from symptomatic and from asymptomatic index participants
was uncertain (OR 1.4, 95% CI 0.6-3.1).
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Our prospective study used a highly sensitive laboratory
ELISA for SARS-CoV-2-specific antibodies to determine
SARS-CoV-2 spread in households with children. We
enrolled the majority of members from participating house-
holds and found high transmission by both children and
adults, with a secondary attack rate of about 50%. Although
adults were more likely to spread infection than children, chil-
dren transmitted infection to roughly one-third of their
household members. Children and adults were equally likely
to be infected from the infected adult or child in their home.

A meta-analysis of household transmission of SARS-
CoV-2 including 87 studies published between March 2020
and June 2021 from 30 countries showed an overall secondary
attack rate of 19%.! The accuracy of this estimate may have
been affected by a high degree of methodologic heterogeneity
with respect to test type and frequency of testing for diagnosis
of contacts, isolation practices of infected household members
and duration of follow-up. Serologic testing to diagnose infec-
tion in household contacts was used in very few of the studies,
and few looked at spread specifically from children. Serosur-
veillance can enhance the accuracy of household transmission
estimates; however, most investigators using serosurveillance
reported transmission from adult index cases only!3-1517:19.21:42
or from specialized populations,*-117:2! whereas others
excluded child household contacts, which limits the generaliz-
ability of the results.!622#

Miller and colleagues® used a commercial ELISA assay on
day 35 to test for IgG antibodies in household contacts of
92 child index cases in England. Children aged 10 years or
less and those aged 11-18 transmitted to 25% (95% CI 12%-—
38%) and 30% (95% CI 19%-41%) of contacts, respectively.
Although these results are similar to ours, the spread may not
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Table 3: Proportion of household contacts who tested positive for SARS-CoV-2 antibodies by age group and symptom status of
index participant
Household contacts, all ages Child household contacts Adult household contacts
Age group; symptom OR
status n/N* % (95% Cl) nIN* % (95% CI) n/N* % (95% Cl) (95% CI)t
Index participants, all
ages
Asymptomatic 18/51 35.3 (18.5-56.8) 9/21 42.9 (20.4-68.7) 9/30 30.0 (14.3-52.4) 0.6 (0.3-1.4)
Symptomatic 221/436 50.7 (44.2-57.1) 121/225 53.8 (46.0-61.4) 100/211 474 (40.2-54.7) 0.9 (0.6-1.2)
OR (95% Cl)t 0.6 (0.2-1.4) 0.7 (0.3-1.9) 0.5 (0.2-1.3)
Child index participants
Asymptomatic 10/34 29.4 (12.3-55.3) 4/11 36.4 (15.7-63.7) 6/23 26.1 (9.7-53.6) 0.6 (0.3-1.3)
Symptomatic 62/160  38.8 (28.3-50.4) 19/54 35.2 (21.3-52.1)  43/106  40.6 (30.0-52.1) 1.4 (0.8-2.4)
OR (95% CI)§ 0.7 (0.2-2.3) 1.3 (0.4-4.4) 0.6 (0.2-1.9)
Adult index participants
Asymptomatic 8/17 471 (13.1-84.0) 5/10 50.0 (10.9-89.1) 3/7 42.9 (11.0-82.0) 0.9 (0.2-4.1)
Symptomatic 159/276 576 (50.1-64.8)  102/171  59.6 (50.8-67.9)  57/105 54.3 (45.4-62.9) 0.9 (0.6-1.3)
OR (95% CI){ 0.7 (0.1-3.0) 0.7 (0.1-3.6) 0.7 (0.1-3.6)
Note: Cl = confidence interval, OR = odds ratio.
*n/N = number of household contacts with SARS-CoV-2 antibodies in households in which the index participant was in a specified age category/total number of household
contacts in households in which the index participant was in specified age category.
10Odds that a child versus an adult household contact would become infected from the index participant in the given category.
10Odds that a given type of household contact would become infected from an asymptomatic versus a symptomatic index participant of any age.
§0dds that a given type of household contact would become infected from an asymptomatic versus a symptomatic child index participant.
1Odds that a given type of household contact would become infected from an asymptomatic versus a symptomatic adult index participant.

have been attributable exclusively to transmission within the
home, as, unlike in our study setting, there was high com-
munity prevalence of SARS-CoV-2 during the study period.

Paul and colleagues® used a large provincial health adminis-
trative data set with viral swab results to examine household
transmission among people with laboratory-confirmed SARS-
CoV-2 infection in Ontario in 2020. They found that trans-
mission occurred in only 27% of households; younger chil-
dren (age < 3 yr, 4-8 yr and 9-13 yr) were more likely to
transmit SARS-CoV-2 within the home than those aged
14-17 (OR 1.4, 95% CI 1.2-1.7; OR 1.4, 95% CI 1.2-1.7; and
OR 1.1, 95% CI 1.0-1.3, respectively). Although our results
similarly show the important role of children as a source of
viral spread, we found that the risk of transmission within
households expanded as age increased within the pediatric age
group (with the youngest children at lowest odds). Given that
the omicron variant is more infectious than delta and that
delta was at least twice as contagious as earlier SARS-CoV-2
strains,* we suspect that household transmission is, and will
continue to be, even greater than observed in our study.

To provide evidence-based public health guidance to
households with infected members, it is essential to under-
stand risk factors for transmission. Factors found in the cur-
rent study to be associated with increased transmission such as
household density and relationship to the index participant
are not easily modifiable. We did not find reduced transmis-
sion when household members were isolated from those with
confirmed infection within the home, although adherence to

self-reported measures could not be verified. Consistent with
the literature suggesting that household transmission is
greater when illness is more severe in the index participant¥
we observed higher transmission rates when the index partici-
pant was admitted to hospital, although the width of the con-
fidence interval made this association uncertain. We also
found that both symptomatic and asymptomatic people were
responsible for transmission within the home. With the
increasing recognition of spread both by asymptomatic peo-
ple* and from aerosolized droplets,*”* the benefits of advis-
ing people to isolate within a household may be minimal, par-
ticularly if isolation is delayed until a positive test result.

In many cases, children are exempt from COVID-19 safety
measures. For example, in many jurisdictions, unvaccinated
children are permitted to circulate in the community even if
they are a close contact of a person with COVID-19; children
are often not required to abide by quarantine rules if travel-
ling with fully vaccinated adults; in certain provinces, length
of isolation after confirmed SARS-CoV-2 infection is shorter
for certain categories of children; and mask mandates for chil-
dren are highly variable depending on location.*-*! We found
that children are sources of SARS-CoV-2 spread within the
home, and we hypothesize that they will be an even greater
source of spread with the emergence of more infectious vari-
ants. Children also have considerable potential to spread in
settings such as school and daycare, where they congregate
indoors for long periods and where mask wearing may not be
consistent or continuous. More consistency in public health
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Factor OR (95% Cl)
Age, yr = per 10-unit increase 1.3(1.0-1.8)
Sex = female:male 0.9 (0.6-1.5)
No. of confirmed RT-PCR-positive household

) - b 3.0 (2.1-4.2)
members including index = per 1-unit increase
Household density = per 0.25-unit increase 0.8 (0.7-1.0)
Wore mask = always:frequently/sometimes/ 0.5 (0.1-2.4)
rarely/never
Completely isolated from index = yes:no 0.9 (0.4-2.0)
Underlying comorbidity = yes:no 1.0 (0.6-1.9)
Present smoker/vaper = yes:no 1.1 (0.5-2.3)
Relationship to index = | = child/HC = adult: _
| = child/HC = child 06(0.2-2.1)
Relationship to index = | = adult/HC = child: _
| = child/HC = child 2.0(1.0-4.2)
Relationship to index = | = adult/HC = adult: _
| = child/HC = child 08(0.2-3.1)
Index participant admitted to hospital = yes:no 2.6 (0.8-8.0)
Index participant symptomatic = yes:no 1.4 (0.6-3.1)
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Figure 2: Risk factors for household transmission. Note: Cl = confidence interval, HC = household contact, | = index participant, OR = odds ratio.

policies related to nonpharmacologic interventions such as
mask wearing and ventilation is critically important to control

spread.

Limitations

There was no maximum allowable time between confirmed
infection and study enrolment, which led to highly varied
times between infection and antibody testing. This may have
affected our ability to detect infection; however, we measured
3 isotypes (IgM, IgA, IgG3) to minimize the risk of missing
very recent or remote infection. It may also have resulted in a
falsely elevated estimation of transmission; however, COVID-
19 case counts were very low (6-12 cases per 100 000) in
Ottawa during the study period (compared to 250 cases per
100 000 in February 20225%), which increases the certainty
that transmission occurred in the home.

Our cohort was recruited before widespread vaccination
and circulation of variants in our community. In the era
before the omicron variant, decreased household transmission
was observed when members had had at least 1 vaccine
dose.*3* However, given the immunity-evading properties of
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the omicron variant, our study population may mirror the
current state of many Canadian households, with adults who
have not received a booster vaccine, and unvaccinated or par-
tially vaccinated children. The omicron variant, which is
highly contagious, will likely further increase household trans-
mission from all members.

We used a variety of strategies to identify eligible house-
holds, including self-identification. It is possible that charac-
teristics of families who self-identified were different from
those of families who were recruited through follow-up of a
positive test result.

Finally, we defined the household member who first devel-
oped symptoms or, in the absence of symptoms, had the first
positive RT-PCR test result for SARS-CoV-2 as the index
participant. This assignment may have been erroneous if
there was a co-primary infection or if the first-infected mem-
ber was asymptomatic, as provincial guidelines at the time
allowed PCR testing only for symptomatic people. Use of this
definition may have underestimated the prevalence of asymp-
tomatic spread and may have assigned directionality of trans-
mission inaccurately.



Conclusion

People with SARS-CoV-2 infection transmitted extensively
within their households, with a secondary attack rate of about
50%. Although children transmitted at a lower rate than
adults, they still infected one-third of household members;
this finding should inform public health policy. Asymptomatic
spread occurred and should be accounted for in the formula-
tion of public health and travel policies. Our findings have
implications for in-person school or activities because the risk
of transmission may be high when masks are not worn contin-
uously or consistently in poorly ventilated settings. Nonphar-
macologic interventions should continue to be considered for
congregate settings.
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