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ABSTRACT

BACKGROUND: The role of children in the

transmission and community spread of
severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) is unclear. We
aimed to quantify the infectivity of SARS-
CoV-2 in nasopharyngeal samples from
children compared with adults.

METHODS: We obtained nasopharyngeal
swabs from adult and pediatric cases of
coronavirus disease 2019 (COVID-19) and
from their contacts who tested positive
for SARS-CoV-2 in Manitoba between
March and December 2020. We com-
pared viral growth in cell culture, cycle
threshold values from the reverse tran-
scription polymerase chain reaction
(RT-PCR) of the SARS-CoV-2 envelope
(E) gene and the 50% tissue culture

evere acute respiratory syndrome coronavirus 2 (SARS-

infective dose (TCID,,/mL) between
adults and children.

RESULTS: Among 305 samples positive
for SARS-CoV-2 by RT-PCR, 97 samples
were from children aged 10 years or
younger, 78 were from children aged
11-17 years and 130 were from adults
(= 18 yr). Viral growth in culture was
present in 31% of samples, including 18
(19%) samples from children 10 years or
younger, 18 (23%) from children aged
11-17 years and 57 (44%) from adults
(children v. adults, odds ratio 0.45, 95%
confidence interval [CI] 0.28-0.72). The
cycle threshold was 25.1 (95% Cl 17.7-
31.3) in children 10 years or younger,
22.2 (95% CI 18.3-29.0) in children aged
11-17 years and 18.7 (95% CI 17.9-30.4) in

adults (p < 0.001). The median TCID,,/mL
was significantly lower in children aged
11-17 years (316, interquartile range
[IQR] 178-2125) than adults (5620, IQR
1171 to 17800, p < 0.001). Cycle thresh-
old was an accurate predictor of posi-
tive culture in both children and adults
(area under the receiver-operator curve,
0.87, 95% CI 0.81-0.93 v. 0.89, 95% Cl
0.83-0.96, p = 0.6).

INTERPRETATION: Compared with
adults, children with nasopharyngeal
swabs that tested positive for SARS-
CoV-2 were less likely to grow virus in
culture, and had higher cycle thresholds
and lower viral concentrations, sug-
gesting that children are not the main
drivers of SARS-CoV-2 transmission.

S CoV-2) and the nonpharmaceutical public health inter-
ventions (NPIs) to control it have had a considerable

impact on society. Public health efforts directed to reduce the
spread of coronavirus disease 2019 (COVID-19) have employed
a number of NPIs, including suspension of in-person school
attendance for school-aged children. These decisions were
largely based on historical observations that children played a
substantial role as drivers of transmission for epidemic respira-
tory viruses, such as influenza.! In the case of SARS-CoV-2, the
role of children in transmission remains unclear, given few
studies with conflicting data.?® Most studies have been limited

to epidemiological investigations from which the direction of
transmission is challenging to discern.>® As an alternative line
of evidence, some studies have investigated the role of SARS-
CoV-2 viral dynamics, also with heterogeneous results. Of these
studies, some have shown higher viral loads in the nasopharynx
of pediatric cohorts based on polymerase chain reaction test-
ing, with others showing comparable levels of SARS-CoV-2 in
children and adults.2%% Furthermore, evidence relating to
other viruses has shown that detectable viral RNA can persist
beyond infectivity.>* An important proxy of in vivo infectious-
ness is recovery of live virus on cell culture. Assessment of this
critical dimension has been lacking in virtually all pediatric
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studies, limiting the ability to perform a more complete risk-
benefit analysis when considering the role of children in SARS-
CoV-2 transmission. Evidence shows that the infectivity of
SARS-CoV-2 may be predicted using available data, such as the
cycle threshold from the reverse transcription polymerase chain
reaction (RT-PCR).12 Cycle threshold is a relative measure of
the quantity of genetic material, with lower values indicating
the presence of more viral genetic material in the sample.

As an increasing number of jurisdictions consider whether in-
school learning, daycares and extracurricular activities should
continue or resume, a better understanding of the relative contri-
butions of children and adolescents to SARS-CoV-2 transmission,
when compared with adults, is essential. This is particularly
important given the increased likelihood of asymptomatic infec-
tion in this group.*> Our goal was to quantify rates of SARS-
CoV-2 culture positivity from nasopharyngeal swabs positive for
the virus after RT-PCR testing in children. We then characterized
the viral load and titres in culture-positive specimens and com-
pared this with an adult group.

Methods

Study population and design

Beginning in July 2020, the province of Manitoba, Canada (popu-
lation 1.4 million) had large-scale outbreaks of COVID-19. In
efforts to limit transmission, comprehensive testing of case con-
tacts was performed. Definitions of COVID-19 cases and case con-
tacts are provided in Appendix 1, available at www.cmaj.ca/
lookup/doi/10.1503/cmaj.210263/tab-related-content.

We obtained nasopharyngeal swabs from patients with
COVID-19 and their contacts. Sample RT-PCR testing was per-
formed by the Cadham Provincial Laboratory, the reference lab-
oratory for SARS-CoV-2 testing in Manitoba. Specimens were col-
lected at COVID-19 testing sites and transported in viral transport
medium to the laboratory, typically 1-4 days after collection. In
the laboratory, the specimens were stored at 4°C for 24 hours
until they were tested as previously described.? All samples were
tested using laboratory-developed testing to minimize cycle
threshold variation.

We submitted all specimens from children positive for SARS-
CoV-2 after RT-PCR for cell culture from March to August 2020. As
case numbers increased, a convenience sample of positive speci-
mens was provided to the National Microbiology Laboratory for
cell culture analysis. We selected specimens from the preceding
week’s samples to ensure freshness and thereby maximize yields
from cell culture. In November, we purposely selected pediatric
specimens with a cycle threshold of less than 25 to confirm our
preliminary observation that culture positivity rates were lower
than adult samples (all pediatric sampling from Mar. 27 to Nov. 8,
2020). Cycle threshold values less than 25 were previously deter-
mined to have higher culture yields.!? Concurrently, we selected a
convenience sample of adult specimens with cycle threshold val-
ues of 25 or less for comparison. Before the final cell culture
analysis, we selected a convenience sample of specimens from
adults (collected Mar. 12 to Dec. 14, 2020) for cell culture from the
same health regions as pediatric samples.

Outcomes

Our main outcomes were culture positivity rates, RT-PCR cycle thesh-
old values, the 50% tissue culture infectious dose (TCID,,/mL), viral
load (log RNA copies/mL) and symptoms to test time. For all positive
samples, we obtained the RT-PCR cycle threshold values of the SARS-
CoV-2 envelope (E) gene. We also obtained the cycle threshold values
of the human RNAse P gene, an endogenous internal amplification
control used as a marker of quality of the nasopharyngeal sample.

The TCID4,/mL assay is one method for quantifying infectious
virus titres. Specifically, it quantifies the amount of virus required
to kill 50% of tissue culture cells, thereby producing a cytopathic
effect. Most samples were stored at -80°C for 2 weeks before
being processed for culture. Viral titres of samples were deter-
mined by the National Microbiology Laboratory (biocontainment
level 4) using TCID,,/mL assays (full methodology described in
Appendix 1). In brief, serially diluted samples were placed on
Vero cells and incubated for 96-120 hours at 37°C and in 5% CO,
before the TCID,, was measured.

Viral load is commonly measured as the logarithmic number
of RNA genome copies per millilitre (log RNA copies/mL), a more
standardized quantitative value than cycle thresholds. For this
study, and to quantify the amount of viral RNA present in each
sample, we generated a standard curve using a known quantity
of viral RNA or copied DNA that was serially diluted and run at the
same time as the test samples to provide a relation between
cycle threshold and genome copies/mL (Appendix 1).

We determined date of symptom onset through public health,
epidemiology, surveillance and laboratory records. We also cal-
culated the number of days from symptom onset to sample col-
lection, known as symptoms to test time, based on laboratory
records (see Appendix 1).

Statistical analysis
In our previous work,*? we found that adults had a culture posi-
tivity rate of 28.9%. Therefore, we required 164 pediatric samples
to detect a clinically significant difference (33% lower culture
positivity rate at a power of 0.8 and o of 0.05) among children.
We present normally distributed data with means and standard
deviations, and present nonnormally distributed data with medians
and interquartile ranges (IQRs). We assessed normality using the
Kolmorgorov-Smirnov test. We performed between-group compari-
sons using the Student t test or the Mann-Whitney test, and used
the Fisher exact test for categorical data. We compared nonpara-
metric group medians using Kruskal-Wallis analysis of variance. We
performed multivariable logistic regression using robust standard
errors to test predictors of positive cultures. We considered two-
tailed p values less than 0.05 as significant. We performed statistical
analysis with Stata version 16.1 and GraphPad Prism 9.

Ethics approval

The study was performed in accordance with protocol H523906
(H2020:211) and approved by the University of Manitoba
Research Ethics Board. The ethics board waived the need for
informed consent as samples were obtained as part of routine
clinical and public health management and were not taken spe-
cifically for inclusion in the current study.
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Results

During the study period, about 360 000 nasopharyngeal swab tests
were performed in Manitoba, of which about 20000 were positive
for SARS-CoV-2. Our final sample included 305 cultured specimens,
representing 1.5% of positive samples in Manitoba and 7.2% (175 of
2440) of positive samples among children. Of 175 pediatric samples
cultured, 97 samples were from children 10 years old or younger
and 78 were from children 11-17 years old; these were compared
with 130 adult specimens. Baseline demographics, cycle thresholds
and viral RNA loads are shown in Table 1 and Table 2. We success-
fully cultured the virus in 93 of 305 samples (31%), including 57 of
130 adults (44%, 95% Cl 35%-53%). In comparison, we cultured the
virus in only 18 of 97 samples in children 10 years old or younger
(19%, 95% Cl 11%-28%, p < 0.001) and 18 of 78 samples in children
aged 11-17 years old (23%, 95% Cl 14%-34%, p = 0.003). The rate of

positive cultures did not differ between younger and older children
(p=0.5). Compared with adults, children had a 55% reduced odds of
growing live virus (odds ratio 0.45, 95% Cl 0.28-0.72). Although chil-
dren 10 years old or younger were more likely to have asymptomatic
infections (47/97, 48%) than children 11-17 years old (19/78, 24%) or
adults (9/130, 7%) (p < 0.001 for all comparisons), all children aged
17 years or younger were similarly likely to be asymptomatic regard-
less of whether they had culture-positive or culture-negative sam-
ples (42%v. 37%, p=0.9).

The quality of nasopharyngeal samples, as shown by the
cycle threshold values of the human RNAse P gene, did not differ
among the 3 age groups (p = 0.6). The cycle threshold of the
SARS-CoV-2 E gene was lower in adults (18.7, IQR 17.9-30.4) than
children 10 years old or younger (25.1, IQR 17.7-31.3, p < 0.001)
or children 11-17 years old (22.2, IQR 18.3-29.0, p = 0.02) (Table 1
and Figure 1).

Table 1: Measures of SARS-CoV-2 infectivity in children and adults

Children aged <10 yr
Variable n=97
Asymptomatic, no. (%) 47 (48)
Positive culture, no. (%, 95% Cl) 18(19,11-28)
Symptom to test time, median (IQR), d 1(1-4)
Cycle threshold*, median (IQR) 25.1(17.7-31.3)
RNAsePt, mean + SD 25.7+2.8
TCID.,/mLt, median (IQR) 1171 (316-5620)
Log RNA copies/mL, median (IQR) 5.4 (3.5-7.8)

Children aged 11-17 yr Adults
n=178 n=130 p value
19 (24) 9(7) <0.001§
18 (23, 14-34) 57 (44, 35-53) <0.0019
2 (1-3.5) 2 (1-4) 0.6
22.2(18.3-29.0) 18.7 (17.9-30.4) <0.001**
26.1+£2.6 26.1£2.0 0.6
316 (178-2125) 5620 (1171-17 800) <0.00111
6.4 (4.2-7.6) 7.5(5.2-8.3) <0.0011t

Note: Cl = confidence interval, IQR = interquartile range, RT-PCR = reverse transcription polymerase chain reaction, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2,

SD = standard deviation.

*Cycle threshold is a semiquantitative measure of how much genetic material is present in the initial sample. If more RT-PCR cycles are required to detect SARS-CoV-2, then less viral

RNA was present in the sample.

tCycle threshold values for human RNAse P gene, an endogenous internal amplification control, were used as a marker of quality of the nasopharyngeal sample.
1Fifty percent tissue culture infective dose (TCID,,) is @ measure of infectious virus titre and represents the amount of virus required to kill 50% of cells in inoculated tissue culture.
§p value is < 0.001 for all comparisons: children < 10 years old compared with children aged 11-17 years, children aged 11-17 compared with adults and children < 10 years old

compared with adults.

4p =0.5 children < 10 years v. children aged 11-17 years; p = 0.003 children aged 11-17 years v. adults; p < 0.001 children < 10 years v. adults.
**p=0.99 children < 10 years v. children aged 11-17 years; p = 0.02 children aged 11-17 years v. adults; p < 0.001 children < 10 years v. adults.
t1p=0.6 children < 10 years v. children aged 11-17 years; p < 0.001 children aged 11-17 years v. adults; p = 0.1 children < 10 years v. adults.
$1p =0.99 children = 10 years v. children aged 11-17 years; p = 0.2 children aged 11-17 years v. adults; p < 0.001 children < 10 years v. adults.

Table 2: Measures of SARS-CoV-2 infectivity in pediatric culture-positive versus culture-negative samples

No. (%) of culture-positive samples*

Variable n=36
Age, yr, median (IQR) 10 (5-15)
Asymptomatic 15 (42)
Male sex 22 (61)
Symptom to test time, median (IQR), d 1(0-2)

Cycle thresholdt, median (IQR)

Log RNA copies/mL, median (IQR) 8.1(7.4-8.2)

16.8 (16.3-18.8)

No. (%) of culture-negative samples*

n =139 p value

9 (5-14) 0.6

51 (37) 0.9

80 (57) 0.7

2 (1-4) 0.3
25.8 (20.7-31.9) <0.001
5.2 (3.2-6.8) <0.001

Note: IQR = interquartile range, RT-PCR = reverse transcription polymerase chain reaction, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.

*Unless indicated otherwise.

tCycle threshold is a semiquantitative measure of how much genetic material is present in the initial sample. If more RT-PCR cycles are required to detect SARS-CoV-2, then less viral

RNA was present in the sample.
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Figure 1: Reverse transcription polymerase chain reaction cycle thresh-
old values of the severe acute respiratory syndrome coronavirus 2 enve-
lope gene by age group. Adult samples had a significantly lower cycle
threshold value (18.7, interquartile range [IQR] 17.9-30.4) than children
aged = 10 years (25.1, IQR 17.7-31.3, p < 0.001) and those aged 11-17
years (22.2,1QR 18.3-29.0, p = 0.02).
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Figure 2: Tissue culture infective dose 50% (TCID,,/mL) by age group.
Adult samples had significantly higher TCID,,/mL (5620, IQR 1171-17 800)
than children aged 11-17 years (316, interquartile range [IQR] 178-2125,
p <0.001), but were not significantly higher than children aged < 10 years
(1171, IQR 316 to 5620, p = 0.1).

The median TCID,,/mL was significantly lower for children
aged 11-17 years (316, IQR 178-2125) than adults (5620, IQR
1171-17800, p < 0.001), but differences between adults and chil-
dren 10 years old or younger (1171, IQR 316-5620, p = 0.1) did not
reach statistical significance (Table 1 and Figure 2).

There was no difference between pediatric culture-positive
and culture-negative samples, except for cycle threshold values
and log RNA copies/mL (Table 2). The median cycle threshold
was lower in culture-positive samples (16.8, IQR 16.3-18.8) than
culture-negative samples (25.8, IQR 20.7-31.9, p < 0.001). The
median log RNA copies/mL was higher in culture-positive sam-
ples 8.1, IQR 7.4-8.2) than culture-negative samples (5.2, IQR
3.2-6.8, p <0.001). However, the median symptoms to test time
was not different between the culture-positive (1 d, IQR 0-2 d)
and culture-negative groups (2 d, IQR 1-4 d, p = 0.3). The prob-
ability of a positive culture varied by symptoms to test time,
with likelihood of a positive culture being highest among speci-
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Figure 3: Symptom onset to test time (days), the mean revere transcrip-
tion polymerase chain reaction cycle threshold value of the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) envelope gene
and the probability of successful viral culture in pediatric samples. The
probability of SARS-CoV-2 culture is shown by the pink bars. Black lines
represent 95% confidence intervals. Cycle threshold values are repre-
sented by the blue line, with circles representing medians and blue bars
representing the 95% confidence intervals. Numbers above the pink bar
indicate the number of samples per day.

mens collected 4-6 days after symptom onset, whereas cycle
threshold showed less variation across symptoms to test times
(Figure 3).

Receiver operating characteristic (ROC) analysis of the cycle
threshold to discriminate between children with and without
positive viral culture showed an area under the receiver-
operator curve (AUC) of 0.87 (95% CI 0.81-0.93) (Appendix 1,
Supplementary Figure 1). The specificity of a cycle threshold of
23 was 97.2% (95% CI 85.8%-99.9%) (Appendix 1, Supplemen-
tary Table 1). Similar results were seen in adults (AUC 0.89, 95%
Cl 0.83-0.96, p = 0.6 v. children) (Appendix 1, Supplmentary
Figure 1, Supplementary Table 2). Symptoms to test time was
not as accurate as cycle threshold in discriminating between
samples with and without positive viral culture (children, AUC
0.67, 95% Cl 0.55 to 0.79 v. adults, AUC 0.78, 95% CI 0.68-0.88,
p =0.2) (Appendix 1, Supplementary Figure 2), with a specificity
of 100% (95% CI 84.5%-100%) at a symptoms to test time of
greater than 6 days. Of note, our sample had only 8 patients
with symptoms to test time of 6 days or more, calling into ques-
tion the accuracy of the results in determining a cut-off period of
symptoms to test time for cell culture positivity and possible
infectivity because of a lack of power.

Multivariable logistic regression showed that, for pediatric
samples, cycle threshold was an independent predictor of posi-
tive culture (odds ratio 0.81, 95% Cl 0.69-0.94), but symptoms to
test time, age and sex were not (Table 3).

In a supplementary analysis, we found no difference in the
culture-positive rates between children aged 0-4 years com-
pared with children aged 5-10 years. The level of virus (based on
TCID,,/mL) also did not differ among culture-positive samples
from children in these 2 age groups.
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Table 3: Multivariable logistic regression model of measures

associated with a positive viral culture from pediatric samples

Variable Adjusted odds ratio (95% Cl)
Cycle threshold* 0.81 (0.69-0.94)
Symptoms to test time 0.90 (0.64-1.27)
Age 1.13(0.97-1.31)
Sex 2.18 (0.48-9.87)
RNAsePt 0.69 (0.48-1.00)

Note: CI = confidence interval, RT-PCR = reverse transcription polymerase chain
reaction, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.

*Cycle threshold is a semiquantitative measure of how much genetic material is
present in the initial sample. If more RT-PCR cycles are required to detect SARS-CoV-2,
then less viral RNA was present in the sample.

tCycle threshold values for human RNAse P gene, an endogenous internal
amplification control, were used as a marker of quality of the nasopharyngeal sample.

Interpretation

Our results show that samples from 175 children 17 years old or
younger had about half the odds of containing culturable virus than
samples from adults. When SARS-CoV-2 was successfully cultured,
the median TCID,,/mL was significantly lower for pediatric samples
than adults, meaning that less viable virus was present. Moreover,
the culture positivity rate of samples from children 10 years or
younger was significantly lower than for children aged 11-17 years
or adults. These results illustrate that RT-PCR positivity does not
necessarily equate to culture positivity, as RT-PCR positivity alone
does not distinguish between live virus in an infectious patient and
residual viral RNA in a patient who may no longer be infectious.

We found that the cycle threshold value was highly predictive of
culture positivity. In contrast, symptoms to test time was not able to
discriminate between children with positive and negative cultures.
Thus, in children who have tested positive for SARS-CoV-2 by
RT-PCR, knowing the cycle threshold value may be more
informative for determining the potential infectiousness of a child,
and may have implications for duration of isolation.

These results are contrary to what has been observed with other
respiratory viruses for which efficient infection and transmission in
children often herald widespread community transmission. However,
these findings are consistent with epidemiological studies that show
limited SARS-CoV-2 spread from children younger than 10 years
old.’s'7 A recent seroprevalence study from Germany showed that
children, particularly those aged 1-10 years, have a significantly lower
seropositivity than their parents, making undetected asymptomatic
infections in children less likely.’* A meta-analysis showed that chil-
dren have a lower susceptibility to SARS-CoV-2 and may not drive
community transmission to the same degree as adults.’® Severe acute
respiratory syndrome coronavirus 2 also has an overly dispersed
reproduction number (R,), suggesting that its transmission dynamics
are fundamentally different than epidemic seasonal respiratory
viruses.?-2 Qverdispersion refers to high individual-level variation in
the distribution of the number of secondary transmissions, which can
lead to so-called “superspreading” events.?

Others have looked at the ability to grow live virus from pediatric
samples, the gold standard for microbiological diagnosis. L’Huillier and

colleagues grew live virus from a higher proportion of pediatric sam-
ples than our study (52%; 12/23, v. 31% in our combined samples).!!
Their findings of symptoms to test time were similar to what we
observed, and the 95% Cls of our results almost overlap theirs, suggest-
ing that their smaller sample size may be responsible for their higher
proportion of culture-positive results. However, closer inspection of the
L’Huillier data reveals that, consistent with our current study, culture
positivity varied with age, such that virus was cultured from only 4 of 11
(36.4%) children 10 years old or younger, but 8 of 12 (66.6%) children
11 years old or older. Recognizing that cycle threshold is a limited sur-
rogate of viral load, other studies have attempted to further quantify
viral load in children by using log RNA copies/mL based on standard-
ized curves. Although this approach does improve the ability to com-
pare data across time and laboratories, it remains a surrogate measure
of viable viral load, cannot predict recoverable live virus and is vulner-
able to being confounded by shedding of noninfectious viral genetic
material. As such, inferences from measures of viral load derived from
cycle threshold data have substantial limitations. We quantified viral
presence through the use of TCID,,/mL, which provides additional dis-
criminatory power compared with methods that limit the analysis to
simply the presence or absence of cytopathic effect.!t

The observation of a cycle threshold value greater than 23 sig-
nalling a significant reduced risk of recovering live virus is worth
examining in a larger study. This value is in keeping with our previ-
ous work that showed a decreased ability to grow live virus in
adult samples where the cycle threshold was greater than 24.12
Finally, defining a robust symptom-based cut-off period for cell
culture positivity should be undertaken, although testing often
occurs shortly after symptom onset. It may prove challenging to
answer this question in the current COVID-19 testing environment.

Limitations

Other possible explanations for our findings should be considered.
Viral genetic variation may play a role; however, genomic surveil-
lance shows that samples represented the diverse global lineages
present in the initial and subsequent waves of cases in Manitoba.
Sample collection from children can be challenging, resulting in a
suboptimal specimen. The lack of significant differences in cycle
threshold values of RNAse P (an endogenous internal control), how-
ever, suggests similar sampling quality across age groups. Degrada-
tion of samples while in storage, affecting the chance of viral recov-
ery, was also considered, but the time to cell culture was similar
across age groups, making this possibility unlikely.

Although young children had similar symptoms to test time, chil-
dren may be most infectious at a different time postexposure than
adolescents or adults. Our local epidemiology (unpublished data,
2021) does not support this argument, as pediatric cases of COVID-
19 are consistent with community transmission.?*?* It is possible
that children were at a different point in their viral trajectory relative
to adolescents and adults when they were sampled. As only a single
sample was taken, it would not be possible to determine the longi-
tudinal trend in cycle threshold value relative to sampling time.
Regression analysis (data not shown) from adults and children did
not show any correlation between symptoms to test time and cycle
threshold or TCID,,/mL value. Recall bias of symptom onset is possi-
ble and symptoms may be subtle in children, thus compounding

CMAJ | APRIL 26,2021 | VOLUME 193 | ISSUE 17 E605

HOYUV3iS3y



RESEARCH

recall bias, but this is likely equally distributed among all patients.
Finally, we cannot be certain that our findings apply to novel SARS-
CoV-2 variants that have shown higher levels of infectivity, as such
variants were not commonly circulating during the study period.

Conclusion

We found that SARS-CoV-2 grew from pediatric samples less often
than adult samples, and when the virus was successfully cultured,
significantly less viable virus was present. These data, along with our
local epidemiology, suggest that children do not appear to be the
main drivers of SARS-CoV-2 transmission. Our findings have impor-
tant public health and clinical implications. If younger children are
less capable of transmitting infectious virus, daycare, in-person
school and cautious extracurricular activities may be safe to con-
tinue, with appropriate precautions in place, and with lower risk to
child care staff, educators and support staff than initially antici-
pated. Given the difficulties in keeping children isolated within the
home environment and the significant impact of prolonged isola-
tion on both child development and parental function (such as loss
of work or income), a robust tool to decrease the length of, or need
for, quarantine would be an important public health development.
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