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Background. Novel variants of concern (VOCs) have been associated with both increased infectivity and virulence of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The virulence of SARS-CoV-2 is closely linked to age. Whether relative
increases in virulence of novel VOCs are similar across the age spectrum or are limited to some age groups is unknown.

Methods. We created a retrospective cohort of people in Ontario, Canada, who tested positive for SARS-CoV-2 and were
screened for VOCs (n = 259 984) between 7 February 2021 and 31 October 2021. Cases were classified as N501Y-positive VOC,
probable Delta VOC, or VOC undetected. We constructed age-specific logistic regression models to evaluate associations between
N501Y-postive or Delta VOC infections and infection severity using hospitalization, intensive care unit (ICU) admission, and death
as outcome variables. Models were adjusted for sex, comorbidity, vaccination status, and temporal trends.

Results.  Infection with either N501Y-positive or Delta VOCs was associated with significant elevations in risk of hospitalization,
ICU admission, and death across age groups compared with infections where a VOC was not detected. The Delta VOC increased
hospitalization risk in children aged <10 years by a factor of 2.5 (adjusted odds ratio; 95% confidence interval, 1.3 to 5.0) compared
with non-VOCs. There was a significant inverse relationship between age and relative increase in risk of death with the Delta VOC,

with younger age groups showing a greater relative increase in risk of death than older individuals.

Conclusions.

SARS-CoV-2 VOCs appear to be associated with increased relative virulence of infection in all age groups, though

low absolute numbers of outcomes in younger individuals make estimates in these groups imprecise.
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Emerging severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) variants of concern (VOCs) have displayed
increased infectivity as well as increased virulence relative to
strains that circulated early in the pandemic [1-7]. In partic-
ular, the emergence of the highly infectious and virulent Delta
variant has led to revised expectations of the pandemic’s se-
verity and duration [8-11]. Notwithstanding the severe health
and economic toll the SARS-CoV-2 pandemic has taken world-
wide, one relatively assuasive aspect of its epidemiology had
been decreased virulence of infection in children, with nearly
50% of infected children experiencing asymptomatic infec-
tion [12, 13]. However, in the summer of 2021, both the United
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Kingdom and the United States reported an extraordinary surge
in pediatric hospitalizations related to SARS-CoV-2 infection
[14-17]. The coincidence of this surge with Delta variant emer-
gence in both countries has led some to suggest that this surge
was driven by Delta variant emergence. However, surging ad-
missions could simply reflect the increased infectivity of the
Delta variant, resulting in larger numbers of infected children
without any change in per-infection virulence. As such, it has
been challenging to determine with certainty whether infection
with the Delta VOC is more virulent in children than non-VOC
SARS-CoV-2 or other VOCs, such as those with the N501Y mu-
tation [18].

Indeed, heterogeneity in the effects of VOCs by age, more gen-
erally, would be of importance for understanding the likely im-
pacts of future pandemic waves, as well as the epidemiology of
SARS-CoV-2 in the post-pandemic era. In the Canadian prov-
ince of Ontario, the VOC carrying the N501Y mutation (in-
cluding the Alpha/B.1.1.7, Beta/B.1.351, and Gamma/P.1 VOC)
replaced earlier SARS-CoV-2 lineages by April 2021 but were, in
turn, replaced by the Delta (B.1.617.2) variant, which has been
the dominant variant in the province since July 2021 [19, 20]. The
availability of a single master dataset of all coronavirus disease
2019 (COVID-19) cases in the Canadian province of Ontario,
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which includes patient outcomes (hospitalization, intensive care
unit [ICU] admission, and/or death), important covariates in-
cluding underlying medical conditions, and virological typing
data from February 2021 forward, provides an opportunity to
evaluate age-specific risk associated with VOC infection and to
determine whether there is heterogeneity in virulence across
age groups. Our objectives were to estimate age-specific risks of
severe illness in individuals infected with the Delta or N501Y-
positive VOC relative to non-VOC SARS-CoV-2 infection, de-
termine whether there is heterogeneity in differential risk by age
group, and explore the possible sources of any such heterogeneity.

METHODS

Data Sources

We used Ontarios Case and Contact Management (CCM) da-
tabase to create a retrospective cohort of SARS-CoV-2 cases
who underwent screening for VOCs and had test report dates
between 7 February 2021 and 31 October 2021 (as routine
screening for N501Y and E484K mutations began on 7 February
2021). Case information, including long-term care residence,
demographics, underlying medical conditions, and outcomes
including hospitalization, ICU admission, and death, is avail-
able in CCM [21]. Case vaccination status, including dates of
first and second doses of SARS-CoV-2 vaccines, was obtained
from COVaxON, Ontario’s centralized COVID-19 vaccine da-
tabase. Individuals were considered partially vaccinated if 14 or
more days had elapsed between the first vaccine dose and case
episode date, considered fully vaccinated if the case episode
date occurred 7 or more days after receipt of the second dose,
and otherwise were considered unvaccinated [22, 23]. Note that
there were 41 cases classified as fully vaccinated who had re-
ceived 3 doses prior to their infection.

There has been an evolution in VOC screening and viral
sequencing in Ontario over the course of the pandemic. VOC
cases were initially identified in Ontario in December 2020,
with subsequent targeted screening of isolates from individuals
with a history suggestive of possible VOC infection (eg, travel).
Systematic screening for VOCs with a low cycle threshold (<35)
began in February 2021. Initial screening focused on the N501Y
mutation, with screening for both N501Y and E484K initiated
in March 2020. At that time, a 5% sampling of specimens was
subjected to further sequencing regardless of screen results was
initiated, with the fraction increased to 50% by late May 2021. As
of June 2021, routine sequencing was discontinued on N501Y-
positive/E484-negative specimens, which were presumed to
be the Alpha lineage. The Alpha lineage (rather than Beta or
Gamma) represented the overwhelming majority of Ontario’s
N501Y-positive isolates [24]. More than 90% of infections were
positive for the N501Y mutation as of April 2021, but that frac-
tion decreased subsequently with emergence of the Delta var-
iant, which represented more than 60% of all infections by July

2021 [19, 20, 24]. We excluded cases if VOC screening infor-
mation was unavailable or screening had not been performed
(N = 58 988).

Analysis

We constructed age group-specific logistic regression models
for associations between N501Y-positive or Delta VOC in-
fection and infection severity, defined as hospitalization, ICU
admission, or death. Non-VOC infections were used as the ref-
erent. Models were adjusted for male sex, time (modeled as a
week-on-week cubic trend), vaccination status (in age groups
210 years, since vaccination had not yet been approved for this
age group [25]), documented major comorbidity (including
asthma, chronic obstructive pulmonary disease, hematological
disease, liver disease, cardiac disease, diabetes, renal disease,
neurological disease, malignancy, or obesity), and being im-
mune compromised. In relevant age groups, we also adjusted for
documented pregnancy, long-term care residence, and health-
care worker status. Due to geographic variation in timing of the
emergence of variants, we also adjusted for health unit region,
with health units classified as “greater Toronto-Hamilton area,”
“Ottawa,” and “other” All of these covariates were expected a
priori to confound the association between VOC exposure and
disease severity. We considered odds ratios to approximate rela-
tive risks under the “rare disease assumption” [26].

As our major focus in this analysis was to identify and ex-
plore sources of heterogeneity across age groups, we made use of
meta-analysis as an easily applicable, familiar, and interpretable
set of statistical and graphical tools focused on heterogeneity
[21, 27]. Alternate approaches (such as using multiplicative in-
teraction terms for age groups and infecting variants) would
also have been possible. Adjusted odds ratios and confidence
intervals for relative severity of VOC from age group-specific
models were incorporated into random effects meta-analyses
to generate summary estimates of effect and to evaluate het-
erogeneity in effects by variant and age. Heterogeneity by age
was assessed by constructing meta-regression models in which
age group was treated as an ordinal variable in order to identify
linear trends in effect across age groups.

We conducted regression analyses in R version 4.1.0; meta-
analyses and meta-regression were performed using the meta
package in R [28, 29]. The study was conducted in accordance
with the Strengthening the Reporting of Observational Studies
in Epidemiology guidelines for observational research [30]
and received ethics approval from the University of Toronto
Research Ethics Board.

RESULTS

We included 259 984 cases in our analysis, with episode dates
between 7 February 2021 and 31 October 2021. Among all re-
ported cases, 64.6% were infections with the N501Y-positive
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VOCG; 19.1% were classified as probable Delta infections. There
were significant differences in hospitalization and ICU admis-
sion according to VOC status (Table 1). Individuals with a VOC
were significantly younger and less likely to have comorbidities
than individuals without a VOC. Significant differences were
also seen in healthcare worker status, long-term care residence,
and geographic location by VOC status. Cases infected with the
Delta variant were more likely to be fully vaccinated, reflecting
the fact that Delta became established in the population in the
spring of 2020 once vaccination programs were underway.
Adjusted odds ratios for hospitalization, ICU admission, and
death by age category and VOC status are presented in Figures
1 and 2. N501Y-positive VOC infection was associated with a
significant increase in hospitalization among people aged 220
years relative to infection with non-VOC SARS-CoV-2 strains.
ICU admission risk was higher with N501Y-positive infection
than with non-VOC infection in all groups aged 230 years.
Risk of death was elevated in the 40- to 49-year age group and
in people aged 260 years. For the N501Y-positive VOC, odds
ratios could not be estimated for ICU admission in children

aged <10 years or for death in those aged <20 years due to the
rarity of these outcomes (Figure 1).

For Delta VOC infections, significantly elevated hospitali-
zation risk was seen in all age groups except those aged 10 to
19 years. In children, the risk of hospitalization with the Delta
VOC was 2.5-fold higher than that seen with non-VOC SARS-
CoV-2.ICU admission risk could not be estimated for the Delta
VOC in the <10 years age group, and elevations in risk among
people aged <30 years were not different from risks seen with
non-VOC infection. For people aged 230 years, marked in-
creases in risk were observed. Odds ratios for death with the
Delta variant could not be estimated for those aged <20 years; in
adults aged >30 years, the risk of death was elevated with Delta
VOC infection (Figure 2).

In random effects meta-analyses, we found no significant
heterogeneity in odds ratios across age groups for death and
ICU admission risk with the N501Y-positive VOC. By contrast,
significant heterogeneity in risk estimates was seen for hospi-
talization risk across age groups with the N501Y-positive VOC
and for hospitalization, ICU admission , and death risk with the

Table 1. Characteristics of Study Cohort With Test Date Between 7 February 2021 and 30 August 2021 by Variant of Concern Status

Descriptor All VOC Not Detected N501Y-Positive VOC Probable Delta VOC PValue®
Total cases 259 984 42 419 167 938 49 627
Hospitalized (%) 13517 (5.2) 1814 (4.3) 9112 (5.4) 2591 (5.2) <.001
Admitted to intensive care unit 2928 (1.1) 298 (0.7) 1980 (1.2) 650 (1.3) <.001
Died 2426 (0.9) 401 (0.9) 1572 (0.9) 453 (0.9) .86
Male (%) 131 910 (50.7) 21 540 (50.8) 85 432 (50.9) 24 938 (50.3) .052
Age, years <.001

<10 21030 (8.1) 2940 (6.9) 12 176 (7.3) 5914 (11.9)

10-19 31586 (12.1) 5107 (12) 20 006 (11.9) 6473 (13)

20-29 54 003 (20.8) 8353 (19.7) 34 831 (20.7) 10 819 (21.8)

30-39 44870 (17.3) 7007 (16.5) 28800 (17.1) 9063 (18.3)

40-49 37 956 (14.6) 6011 (14.2) 25438 (15.1) 6507 (13.1)

50-59 34 609 (13.3) 6098 (14.4) 23412 (13.9) 5099 (10.3)

60-69 21136 (8.1) 3869 (9.1) 13 984 (8.3) 3283(6.6)

70-79 9475 (3.6) 1865 (4.4) 6092 (3.6) 1518 (3.1)

>80 5319 (2) 1169 (2.8) 3199 (1.9) 9,51 (1.9)
Vaccination status® <.001

Unvaccinated 226 142 (87) 40 424 (95.3) 152 195 (90.6) 33 523 (67.5)

Partially vaccinated 22 536 (8.7) 1812 (4.3) 14 698 (8.8) 6026 (12.1)

Fully vaccinated 11 306 (4.3) 183 (0.4) 1045 (0.6) 10 078 (20.3)
Comorbidity® 13 071 (5.0) 2803 (6.6) 7602(4.5) 2666 (5.4) <.001
Immune compromise 2062 (0.8) 388 (0.9) 1241 (0.7) 433 (0.9) <.001
Long-term care resident 541 (0.2) 111 (0.3) 212 (0.1) 218 (0.4) <.001
Healthcare worker 4589 (1.8) 981 (2.3) 2604 (1.6) 1004 (2) <.001
Pregnancy 795 (0.3) 125 (0.3) 440 (0.3) 230 (0.5) <.001
Geography <.001

Greater Toronto area and Hamilton® 180 532 (69.4) 26 280 (62) 126 374 (75.3) 27 878 (56.2)

Ottawa 11 871 (4.6) 1899 (4.5) 7432 (4.4) 2540 (5.1)

Abbreviation: VOC, variant of concern
2P values are based on the x test.
®Vaccination status defined as in the Methods section.

°Comorbidities include 1 or more of the following: asthma, chronic obstructive pulmonary disease, hematological disease, liver disease, cardiac disease, diabetes, renal disease, neurological
disease, malignancy, or obesity. Immune compromise was included as a separate covariate in models.

9The greater Toronto area and Hamilton form a large conurbation in central Ontario consisting of 6 health units (Toronto, Peel, Durham, Halton, York, and Hamilton).
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Figure 1.

05 1

Forest plot with adjusted ORs for hospitalization, ICU admission, and death by age group for N501Y-positive variant of concern (VOC) infection relative to non-VOC

severe acute respiratory syndrome coronavirus 2 infection. Models were adjusted for sex, health unit region, age group, vaccination status, comorbidity, immune compromise,
and (in relevant age groups) long-term care residence, healthcare worker status, and pregnancy. Abbreviations: Cl, confidence interval; ICU, intensive care unit; OR, odds ratio.

Delta VOC (Figures 1 and 2). Across all outcomes, infection
with the Delta VOC was associated with higher effect estimates
relative to N501Y-positive infections. We evaluated the con-
tribution of age to heterogeneity in estimates by constructing
meta-regression models with age group treated as a 9-level or-
dinal variable. However, there was no significant linear associa-
tion between age and relative risk of severe outcomes for either
N501Y-positive variants or for the Delta variant (Table 2).

DISCUSSION

The landscape of SARS-CoV-2 infection continues to change
rapidly, with novel VOCs impacting both transmissibility and
virulence of infection. In this analysis, we evaluated the relative
impact of earlier N501Y-positive VOC and subsequent Delta

VOC infections on severity of infection by age group. We found
that, as reported previously, Delta VOC infection is more vir-
ulent than infection with both N501Y-positive VOC and non-
VOC SARS-CoV-2 strains [7, 10, 31]. We found no statistical
evidence that the increase in virulence of the Delta VOC in the
population as a whole is diminished in younger people. The
absence of significant elevations of risk in younger age groups
for some outcomes is likely to reflect lower absolute risk (and
number of events) in these groups, with consequent lack of pre-
cision in estimates. Notably, the risk of hospitalization with the
Delta VOC appears significantly increased in children.

Due to the relative rarity of ICU admission and death in
younger age groups, we were unable to generate relative risk
estimates for these outcomes with the Delta variant in children.
However, an increase in virulence as well as transmissibility

€72 « CID 2022:75 (1 July) e Fisman and Tuite



Study Odds Ratio OR 95%-Cl Weight
<10 years —— 250 [1.26; 4.97] 3.7%
10-19 years 1 1.47 [0.61; 3.53] 2.9%
20-29 years = 212 [1.43; 3.14] 52%
30-39 years 295 [2.20; 3.96] 5.7%
40-49 years 5.25 [4.05; 6.82] 5.8%
50-59 years 3.75 [3.05; 4.62] 6.0%
60-69 years ] 247 [1.99; 3.05] 6.0%
70-79 years 212 [1.65; 2.71] 5.9%
80+ years : 2.00 [1.49; 2.68] 5.6%
<
10-19 years T————— 9.72 [0.73;129.65] 0.6%
20-29 years T 243 [0.89; 6.64] 2.5%
30-39 years HB- 5.74 [2.89; 11.41] 3.7%
40-49 years e 12.36 [6.73; 22.71] 4.1%
50-59 years Lo 6.85 [4.56; 10.30] 5.1%
60-69 years - 420 [2.86; 6.15] 5.2%
70-79 years = 4.01 [2.60; 6.17] 5.0%
80+ years -u- 2.86 [1.49; 5.50] 3.8%
<
20-29 years _— 0.10 [0.01; 1.35] 0.5%
30-39 years —_— 7.94 [1.31; 4791] 11%
40-49 years P 13.32 [4.87; 36.43] 2.5%
50-59 years 4= 343 [1.88; 6.25] 4.1%
60-69 years - 3.38 [2.09; 5.46] 4.7%
70-79 years B 2.63 [1.75; 3.94] 51%
80+ years = 1.74 [1.20; 2.53] 5.3%
Random effects model | : o : | 3.33 [2.72; 4.08] 100.0%
0.01 0.1 1 10 100

Heterogeneity: I? = 80%, ©° = 0.1678, p <0.01

Test for subgroup differences: xg =8.63,df =2 (p =0.01)

Figure 2.

Forest plot with adjusted ORs for hospitalization, ICU admission, and death by age group for the Delta variant of concern (VOC) infection relative to non-VOC se-

vere acute respiratory syndrome coronavirus 2 infection. Models were adjusted for sex, health unit region, age group, vaccination status, comorbidity, immune compromise,
and (in relevant age groups) long-term care residence, healthcare worker status, and pregnancy. Abbreviations: Cl, confidence interval; ICU, intensive care unit; OR, odds ratio.

with the Delta VOC in children would be consistent with re-
cent observed surges in pediatric hospitalizations reported
in the United States and United Kingdom [14-17, 32]. In
the United States, Delahoy and colleagues recently linked
marked increases in pediatric hospitalizations associated with
the emergence of the Delta VOC [32]. The authors evaluated
risk of severe illness conditional on hospitalization (using in-
dicators such as ICU admission, highest level of respiratory
support, and length of stay) and did not find these risks to
be increased after emergence of the Delta variant relative to
the period prior to Delta emergence. However, such an ap-
proach fails to identify pediatric hospitalization as a manifes-
tation of enhanced virulence, overlooks possible changes in
hospitalized case mix associated with Delta VOC emergence,
and may be subject to limitations in statistical power given the

(fortunately) lower risk of severe outcomes among pediatric
cases, as in our study.

Our analysis is subject to important limitations. First, the rel-
ative rarity of severe outcomes in younger age groups means
that our estimates for these groups are imprecise. Furthermore,
when evaluating associations in children and teens, our failure
to identify heterogeneity in severity by age may simply be re-
lated to the imprecision of estimates in these age groups, rather
than true lack of heterogeneity. A second limitation is the de-
gree to which frequency of testing, particularly in younger age
groups, has been dynamic in Ontario during the COVID-19
pandemic [21]. Increasing frequency of testing in undertested
younger age groups over time, as VOCs emerged in the popu-
lation, could increase the fraction of mild cases identified and
may complicate estimation of relative severity over time.
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Table 2. Meta-Regression—derived Age-related Relative Change in Odds Ratio Associated With N501Y-Positive and Probable Delta Variants of Concern

Variant Outcome Relative Odds Ratio 95% Confidence Interval ™ R?(%)
Probable Delta
Hospitalization 0.99 .89-1.09 0.102 2.94
ICU admission 0.90 .76-1.07 0.0966 25.67
Death 0.85 .64-1.13 0.2064 26.98
N501Y-positive
Hospitalization 1.00 .95-1.05 0.0154 0
ICU admission 0.95 .86-1.06 0.0147 2.12
Death 0.98 .84-1.14 0.0414 0

Age category treated as a 9-level ordinal variable for the purpose of estimating linear trends. Coefficients can be interpreted as change in risk per 10-year change in age category.

Abbreviation: ICU, intensive care unit.
*Estimated amount of residual heterogeneity due to between-age group variation.

PFraction of heterogeneity accounted for by including age in meta-regression models.

In summary, we found no evidence to suggest that the ap-
parent increase in virulence of SARS-CoV-2 VOC:s is limited
to a particular age group. The relative rarity of severe outcomes
in children and teens means that more study is needed to as-
sess the robustness and generalizability of these findings. As the
Delta variant has now been replaced by the Omicron variant in
Ontario [24], future work needs to also incorporate estimates of
age-related severity of infection with the latter variant.
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