I cVIDENCE BRIEF

COVID-19 Variant of Concern Omicron
(B.1.1.529): Risk Assessment, January 19, 2022

Published: January 21, 2022

Key Messages
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Current reporting of confirmed SARS-CoV-2 cases in some jurisdictions, including Ontario, is an
underestimate of the true epidemiology of infections due to changes to testing strategies. As a
result, it is challenging to make an accurate and timely identification of the peak of the Omicron
wave. Given distinct features of the South Africa context (e.g., prevalence of previous infections,
age distribution), it is unknown if Omicron will follow a similar steep rise and fall in cases in
other jurisdictions. Predicting the trajectory of ongoing Omicron waves is further complicated by
reports of increasing prevalence of the BA.2 Omicron sublineage and displacement of the
original BA.1 strain in jurisdictions such as the United Kingdom (UK) and Denmark.

The evidence continues to demonstrate that three doses of a Coronavirus Disease 2019 (COVID-
19) vaccine provides greater protection against severe outcomes of Omicron variant infection
compared to two doses. There is additional evidence of stronger antibody responses in
vaccinated, previously SARS-CoV-2-infected individuals compared to vaccinated individuals
without previous infection, or individuals with previous infection and no vaccination. The
duration of protection from a third dose or recent infection remains unclear, but early reports
suggest third dose effectiveness against symptomatic infection wanes at ten weeks.

The bulk of the evidence continues to demonstrate that Omicron causes less severe disease
compared to Delta infections, but hospitalization data has many limitations, in particular
differences in metrics across jurisdictions. Nonetheless, due to increased transmissibility of
Omicron, the absolute number of severe cases poses a significant threat to health system
capacity in many jurisdictions. At this time, there is insufficient data to comment on
hospitalization outcomes, mortality, or long-term COVID outcomes.

The current risk of Omicron transmission in Ontario is high, with a low degree of uncertainty.
The risk of reinfection and breakthrough infection (after two doses of Pfizer, Moderna,
AstraZeneca, or a heterologous combination) in Ontario is high with a low degree of uncertainty.
The risk of severe disease, particularly amongst unvaccinated individuals, is moderate with a
moderate degree of uncertainty. The overall risk assessment may change as new evidence
emerges.



e Based on what is known about Omicron and its high transmissibility and high absolute number
of severe cases in Ontario, increased or maintained community-based public health measures
and accelerated vaccination efforts targeting those most at-risk of severe outcomes and onward
transmission (e.g., those in congregate living settings and schools/daycares) can help protect
Ontarians, ensure health system capacity to safely and optimally care for Ontarians, and limit
disruption of critical infrastructure and in-person learning.

Issue and Research Question

Since its identification on November 8, 2021 in South Africa,* Omicron has become the dominant severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variant in many countries. Since the last report
on January 12, 2022% more evidence has emerged of Omicron’s transmissibility, potential immune
evasion, and disease severity. This brief updates the evidence since the previous Public Health Ontario
(PHO) risk assessments,>® and summarizes available information and evidence on the Omicron variant
of concern (VOC) relevant to the risk of transmission in Ontario up to January 18, 2022.

Methods

PHO Library Services conducted daily searches of primary and preprint literature using the MEDLINE
database (search strategies available upon request). In addition, PHO performed grey literature searches
daily using various news feeds and custom search engines. English-language peer-reviewed and non-
peer-reviewed (preprint) records that described COVID-19 variants were included.

Main Findings

Genomics

To determine the evolutionary relationships between Omicron and other SARS-CoV-2 variants, the
mutational profiles, including the per-site mutation rates were analyzed.® Omicron has a unique
mutation profile compared to other VOCs. The identification of five mouse-adapted mutation sites in
the Omicron variant suggests it may have evolved in a mouse host.
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Epidemiology

The early waves of the SARS-CoV-2 pandemic were highly irregular across settings and across dominant
SARS-CoV-2 lineages, in part due to levels of immunity, human behavioral patterns, climate, and
irregularly timed interventions. Waning population immunity and immune evasion due to Omicron’s
numerous mutations, make it uncertain whether Omicron outbreak trajectories outside of South Africa
will follow the steep rise and fall experienced in that country. Recent analyses of SARS-CoV-2 waves,
however, reveal some insights.

e Washburne et al. observed that Omicron outbreaks across South African provinces exhibited a
comparable pattern to earlier Delta outbreaks, but on a shorter timescale, with an onset to peak
time of approximately 30 days, in contrast to 75 to 90 days observed for Delta peaks.’® As of
January 10, 2022 the first US Omicron outbreaks appear to be exhibiting transmission
trajectories similar to the early Omicron outbreaks across South Africa. The authors hypothesize
that in the absence of highly effective mitigation measures, the select Omicron outbreaks they
describe have peaked roughly one month after they started, despite differences in testing,
reporting, vaccination/infections; however, it remains unclear if this trajectory will be seen in
all settings.

e To visualize the dynamics of cases and deaths, Arnaout and Arnaout plotted the cases and
deaths for COVID-19 waves from 16 countries, with time being implicit (and not its usual
placement on the X-axis).?* The plots suggest that in most settings, the Omicron wave is very
different from previous waves. The combined plot of many countries to represent the world
showed the Omicron wave as having a very steep rise in cases but not in deaths, at least at the
time of analyses. The authors also note that the world wide plot shows that new waves have hit
every three to five months.

e Schlickeiser and Kroger recently predicted the temporal evolution of the Omicron wave in
different countries based on the susceptible-infectious-recovered/removed (SIR) epidemic
compartment model, with a constant stationary ratio k=mu(t)/a(t) between the infection (a(t))
and recovery (mu(t)) rate and using a doubling time of three days for the rate of new
infections.'? They proposed three scenarios (optimistic, pessimistic, intermediate) for each
country considered. The model estimated Denmark as having the smallest Omicron peak time,
which agrees with the recently observed saturation of the 7-day incidence value at 2478. For
Germany, the authors predicted the Omicron wave peaks ranging from 32 to 38 and 45 days
after the start of the Omicron wave in the optimistic, intermediate and pessimistic scenario,
respectively. If using January 1, 2022 as the starting date, the authors analyses suggest that the
maximum of the Omicron wave is reached between Feb 1 and Feb 15, 2022, with similar values
estimated for Switzerland. Based on 15 countries, the range of time to Omicron peak was 15 to
67 days, but the vast majority of countries were below 39 days. The authors go on to make
estimates for the Omicron trajectory and health system impact in Germany.
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The Omicron lineage BA.2 does not contain the Spike deletion at position 69-70 and therefore is S-gene
positive (SGTP).? On January 1, 2022, the Omicron lineage BA.2 accounted for 5% of UK SGTP specimens
i.e. non-Omicron, in the UK, and the UK Health Security Agency (UKHSA) reports that the proportion is
increasing.’* Therefore, S-Gene Target Failure (SGTF) is no longer considered sufficient to assess the
spread of Omicron as a whole in the UK and current comparative analyses which use S-gene target
results as the determinant of Omicron and Delta should be interpreted with caution. As of January 10,
2022, 2,093 sequences on GISAID meet the Omicron BA.2 Pangolin definition, from 22 countries. From
mid-December 2021 to the week of January 1, 2022, an increasing number of BA.2 sequences were
reported on GSAID, many from Denmark.

In Ontario, Canada:

e Asof January 19, 2022, whole genome sequencing (WGS) from surveillance testing across
Canada reported that of SARS-CoV-2 samples collected the week of December 26, 2021, 92.6%
were Omicron, but data were still accumulating.’ On January 19, 2022, Canada reported 21,163
new cases, 148 deaths, 323,113 active cases, and the daily percent positivity (over the previous
7 days) was 22.3%. The Public Health Agency of Canada (PHAC) notes that due to changes in
COVID-19 testing policies in many jurisdictions starting in late December 2021, case counts will
under estimate the total burden of disease.

e In Ontario, on December 28, 2021, 80.4% of samples tested at the PHO laboratory exhibited
SGTF, indicating that Omicron is the dominant circulating variant.® The PHO laboratory
discontinued SGTF testing on December 30, 2021. Due to changes in the eligibility criteria for
PCR testing in Ontario effective December 31, 2021, reported confirmed case counts are an
underestimate of the true number of individuals with SARS-CoV-2 infection.

e The Ontario 7-day confirmed case average increased from 838 on December 1, 2021 to
4,592 on December 23, 2021, 14,162 on January 6, 2022, and was 11,338 on January
11,2022.Y

e On December 31, 2021 (i.e., the day on which changes to the eligibility criteria for PCR
testing took effect), the percent positivity was 34.3%.%® On January 8, 2022 (i.e., just
over a week since the testing eligibility update), the percent positivity was 27.7%, and
on January 16, 2022 the percent positivity was 24.2%.

e Asof January 18, 2022 there were 422 ongoing outbreaks in long-term care homes,
318 in retirement homes, 595 in congregate living settings, 241 in hospitals, and 28
workplace outbreaks.?
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Notable epidemiological trends from select countries are:
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During the week of January 10 to January 16, 2022, the World Health Organization (WHO)
reported over 18 million new COVID-19 cases, which is a 20% increase compared to the previous
week.2% Only the African Region reported a decrease in incidence of weekly cases. The South-
East Asia Region reported the largest increase in new cases (145%), followed by the Eastern
Mediterranean Region (68%), the Western Pacific Region (38%), the Region of the Americas
(17%) and the European Region (10%). New weekly deaths increased in the South-East Asia
Region (12%) and Region of the Americas (7%), but remained similar to the previous week in the
other Regions.

According to modelling projections, the United States (US) Centers for Disease Control and
Prevention (CDC) estimated that for the week ending January 15, 2022, 99.5% (90% Confidence
Interval [Cl]: 99.3-99.7)% of SARS-CoV-2 cases were Omicron.

e Asof January 12, 2022, the current 7-day moving average of daily new cases (782,766)
increased 33.2% compared with the previous 7-day moving average (587,723).%

e The 7-day daily average hospitalizations for the week ending January 11, 2022, was
20,637, which is a 24.5% increase from the prior 7-day average (16,571) for the week
ending January 4, 2022.%

The United Kingdom (UK) Health Security Agency (UKHSA) reported >90% of a representative
sample of specimens were Omicron based on SGTF in the last week of December 2021.2 In the
UK, 108,069 new cases were reported on January 18, 2022.%

e Between January 13 to January 19, 2022, 652,469 people had a confirmed positive
test, which is a decrease of 37.2% compared to the previous 7 days. Between January 6
to January 12, 2022, there were 1,038,500 confirmed positive tests, which was a
decrease of 19.0% compared to the previous 7 days.

e Between January 9 to January 15, 2022, 14,927 went into hospital with coronavirus,
which is a decrease of -4.9% compared to the previous 7 days. Between January 2 and
January 8, 2022, there were 15,591 new COVID-19 hospitalizations, an increase of
5.2% compared to the previous 7 days.

In Denmark, the Omicron variant represented >90% of the confirmed SARS-CoV-2 cases based
on analysis of data extracted January 7, 2022.%°

e The 7-day rolling average of new cases per million people increased from 722 on
November 30, 2021 to 4,327 on January 17, 2022.%6 On January 19, 2022, Denmark
reported 38,759 new COVID-19 cases in the previous 24 hours.?”



e OnlJanuary 20, 2022, Denmark reported that the BA.2 Omicron substrain now
accounts for nearly half of their cases, and is rapidly displacing the BA.1 Omicron
strain.?®?° |n a two week period from late December to mid-January, BA.2 prevalence
increased from 20% to 45% of Denmark’s COVID-19 cases. During this time, Denmark's
COVID-19 infections reached record highs. The week of January 17, 2022, Denmark
reported over 30,000 new cases per day, which is ten times more cases than at the
peaks in their previous waves.

e OnlJanuary 19, 2022, South Africa reported 4,322 new COVID-19 cases and a 10.6% positivity
rate.®

Transmissibility

Modelling, in vitro and in-silico analyses support current epidemiological findings of Omicron having
higher transmissibility and suggest potential mechanisms. It remains unclear to what extent the
increased transmission of Omicron is due to inherent characteristics of the virus (i.e., enhanced ability to
infect cells) or due to immune evasion.

Epidemiological Evidence

e The UKHSA estimated the Omicron and Delta serial interval distributions using UK contact
tracing data.3! They reported Omicron (n=11,240) and Delta (12,353) to have similar mean serial
intervals, with 3.64 days (95% Cl: 3.6, 3.68) for Omicron, and 3.87 days (95% Cl: 3.84, 3.9) for
Delta. The Omicron serial interval had higher variance and a shorter median interval.

e An analysis of daily growth rates for the Omicron and Delta variants in the UK from November to
December 2021 estimated a shorter generation time distribution for Omicron with a mean of
1.5-3.2 days and a standard deviation of 1.3-4.6 days, assuming a generation time distribution
for Delta with a mean of 2.5-4 days (90% credible interval) and a standard deviation of 1.9-3
days.®? The authors estimate this equals a 160%-210% transmission advantage for Omicron
compared to Delta in this setting, which could explain the observed variation over time in the
transmission advantage of the Omicron variant. The authors note that other factors, including
differences in immune escape between could play a role.

e Using genome surveillance data of Gauteng province as registered to Global Initiative on Sharing
Avian Influenza Data (GISAID) to compare the predicted and observed fractions of Omicron,
Delta, and other variants from September 16 to November 30, 2021, a model estimated the
effective reproduction number of Omicron to be 4.2 times (95% confidence interval [Cl]: 2.1,
9.1) greater than that of the Delta variant.* For the period October 18 to November 30, 2021,
the authors estimated the Omicron variant was 3.3 times (95% Cl: 2.0, 7.8) more transmissible
than the Delta variant. The time-dependent relative risk reduction due to acquired immunity
was estimated to be very small, e.g., in the order of 10-20%.
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In-vivo, In-vitro and Modelling Evidence

The human ACE2 (hACE2) receptor is used by SARS-CoV-2 to enter host cells; therefore, mutations that
alter binding affinity or stability or tissue tropism (e.g., faster replication in human bronchi as opposed
to lungs) could impact infectivity and transmission. Since the last PHO Risk Assessment,? more in vitro
studies have reported evidence of Omicron exhibiting different tissue tropism,3*3° and new in silico and
electron micrograph studies have analyzed Omicron binding to the hACE2 receptor, with varied findings
regarding binding affinity and proteolytic cleavage.3®3° In addition, an animal model of Omicron has
reported evidence that Omicron is less pathogenic than previous SARS-CoV-2 strains, but highly
transmissible.*® A few studies are highlighted below.

o Reidiker et al investigated the distribution of airborne viral emissions for Delta and Omicron, and
assessed the risk estimates for public settings given reports of higher viral load and infectivity
for these variants.*! The study simulated indoor airborne transmission of SARS-CoV-2 by
including a CO; calculator and recirculating air cleaning devices. The authors assessed the
consequences of the lower critical dose of more infectious VOCs on the infection risk in public
settings with different protection strategies. Monte Carlo modelling revealed that one in 1,000
wild-type infected was a super-emitter, one in 30 for Delta; and one in 20 or 10 for Omicron
(depending on the viral load estimate).The authors conclude that surgical masks are no longer
sufficient in most public settings, and correctly fitted FFP2 (European equivalent of KN95 or
N95) respirators provide sufficient protection, except in high aerosol producing situations such
as singing or shouting. The authors note that altered mucous viscosity from infection and tissue
tropism also play a role in transmissibility, and merits further consideration.

e Using longitudinal, quantitative RT-qPCR test results (n=10,324) from the National Basketball
Association’s (NBA) occupational health program, a study quantified the fraction of tests with
PCR cycle threshold (Ct) values <30 (as a proxy for potential infectivity), duration of viral
proliferation, clearance rate, and peak viral concentration for individuals with acute Omicron
and Delta variant SARS-CoV-2 infections.*? Most of the study participants were vaccinated, but
details were not reported. Of 27 Omicron cases testing positive < 1 day after a previous negative
or inconclusive test, 52.0% (13/25) were PCR positive with Ct values <30 at day 5, 25.0% (6/24)
at day 6, and 13.0% (3/23) on day 7 post detection. Of 70 Omicron cases detected 2 2 days after
a previous negative or inconclusive test, 39.1% (25/64) were PCR positive with Ct values <30 at
day 5, 33.3% (21/63) at day 6, and 22.2% (14/63) on day 7 post detection. Omicron infections
exhibited a mean duration of 9.87 days (95% Cl 8.83-10.9) relative to 10.9 days (95% Cl 9.41-
12.4) for Delta infections. Using PCR Ct values, the authors estimate the peak viral RNA to be
lower for Omicron infections than for Delta infections (Ct 23.3, 95% Cl 22.4-24.3 for Omicron;
Ct 20.5, 95% Cl 19.2-21.8 for Delta) and a shorter clearance phase for Omicron infections (5.35
days, 95% Cl 4.78-6.00 for Omicron; 6.23 days, 95% Cl 5.43-7.17 for Delta), though the rate of
clearance was similar (3.13 Ct/day, 95% Cl 2.75-3.54 for Omicron; 3.15 Ct/day, 95% Cl 2.69-
3.64 for Delta).
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e To determine the viral load in vaccine breakthrough infections (diagnosed positive at least 14
days after second dose) from pre-VOC, Delta and Omicron, infectious virus and RNA were
measured from nasopharyngeal specimens.* The infectious viral titres during the first five
symptomatic days were assessed in vaccine breakthrough infections with Delta (n=121) or
Omicron (n=18). The median time between second dose and breakthrough infection was 79.5
(IQR 40.5-139 days) for Delta infections and 136 (IQR 85-176) for Omicron infections, but these
results may be influenced by the timing of mass vaccination programs and when these VOCs
emerged. Vaccine breakthrough infection with Omicron (n=18) or Delta (n=17) resulted in
comparable SARS-CoV-2 genome copies (p= 0.3345). The Omicron patients had lower infectious
viral titres compared to Delta patients, but the difference was not statistically significant (0.69
log difference, p= 0.1033). Of note, the study reported a very low correlation (R2 = 0.119,
p=0.0001) between viral genome copies and infectious virus particles for pre-VOC samples,
and low correlation using samples from unvaccinated and vaccinated Delta patients (R2 =
0:312, p <0-0001 and R2 = 0-3962, p <0-0001, respectively). There was no correlation between
the age and infectious viral load.

e Aninvestigation of early cases of Omicron in Japan sought to determine the duration of
infectious virus shedding.* Using the date of specimen collection for diagnosis or symptom
onset as day 0, the quantitative RT- PCR of 83 respiratory specimens from 21 cases (19
vaccinated and 2 unvaccinated cases; 4 asymptomatic and 17 mild cases) showed that the
amount of viral RNA was highest 3-6 days after diagnosis/symptom onset, and then slowly
decreased over time, with a marked decrease after 10 days since diagnosis or symptom onset.
Virus isolation tests showed a similar trend as the quantitative RT-PCR. No infectious virus was
detected in the respiratory samples after 10 days since diagnosis or symptom onset. For
symptomatic cases, viable virus was detected in 12.5% (2/16) of cases at 0-2 days PSO, 50.0%
(4/8) at 3—6 PSO, 18.8% (3/16) at 7-9 days PSO, 0% (0/12) 10-13 days PSO, and 0% (0/10) at
>14 days PSO. The authors conclude that vaccinated Omicron cases are unlikely to shed
infectious virus 10 days after diagnosis or symptom onset.

e Molecular docking analysis revealed that the Omicron Spike (S) protein has higher affinity with
neuropilinl (NRP1) than ACE2, which may explain Omicron’s increased infectivity.?® The free
binding energies between NRP1 and Omicron S -protein (-332.71 kcal/mol) were significantly
higher than free binding energies between NRP1 and S protein of wild-type (-312.61 kcal/mol).
Similar to Omicron, wild-type S-protein (-312.61 kcal/mol) exhibited higher free binding
energies with NRP1 compared to the free binding energies between ACE2.
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Diagnostics

Although most current molecular tests for SARS-CoV-2 are expected to be able to detect Omicron,®
there is increasing evidence of limited sensitivity, optimal detection windows and specimen site for
rapid antigen tests, as previously described.?

e Given the broad use of rapid antigen tests (RATs), the sensitivity of eight RATs to Omicron was
investigated using analytical sensitivity testing with cultured virus and retrospective testing in
duplicates was performed with clinical samples from vaccinated individuals with Omicron (n=18)
or Delta (n=17) breakthrough infection using seven RATs.* The authors report high
heterogeneity between RAT ability to detect Omicron. Based on cultured virus, there was a
trend towards lower sensitivity for Omicron detection compared to wild-type and other VOCs.
A comparison of performance for Delta and Omicron in a comparable set of clinical samples in
seven RATs, revealed that 124/252 (49.2%) of all tests performed showed a positive result for
Omicron compared to 156/238 (65.6%) for Delta samples. Sensitivity for both Omicron and Delta
between RATs was highly variable. Four out of seven RATs showed significantly lower
sensitivity (p<0.001) to detect Omicron compared to Delta, while three had comparable
sensitivity to Delta.

Clinical Presentation

Information continues to emerge regarding the signs and symptoms of Omicron and how they may
differ from infection with other SARS-CoV-2 variants.

e A UKHSA analysis of NHS Test and Trace data found that loss of smell or taste was reported less
often by Omicron cases than Delta cases (13% of Omicron cases, 34% of Delta cases, adjusted
odds ratio [aOR]: 0.22, 95% Cl: 0.21-0.23), but sore throat was reported more often by Omicron
cases (53% of Omicron cases, 34% of Delta cases, aOR: 1.93, 95% Cl: 1.88-1.98).* The UKHSA
notes, however, that increases in sore throat reporting is also observed in those who test
negative for SARS-CoV-2, suggesting sore throat could be an incidental finding, though sore

throat is also being reported by others as a reported Omicron symptom.%”#

Disease Severity

There remain limitations with the Omicron severity literature; however, the bulk of early evidence
suggests Omicron causes less severe disease than Delta, and this is supported by several new studies
that have emerged since the last Risk Assessment;*® however, there remains a moderate degree of
uncertainty regarding disease severity. There is insufficient data to comment on hospitalization
outcomes including progression of severity of illness, complications, and mortality. Select studies are
highlighted below.

COVID-19 Variant of Concern Omicron (B.1.1.529): Risk Assessment, January 19, 2022 9



e The UKHSA reported that the number of pediatric admissions with any COVID-19 infection
(>90% of UK samples were Omicron at end of November 2021) began increasing from December
26, 2021, from an average of 40 admissions per day to 120 per day, which is a 3-fold rise in 2
weeks.' The increase was most rapid among children under 5 years, and highest in infants aged
under 1 year. The most common three symptoms (not specified) were consistent with
respiratory infection. However, The Royal College of Pediatrics and Child Health has issued a
statement that pediatricians are not reporting Omicron to be a more serious or severe disease
in children and young people in the UK.

e A prospective cohort study conducted in California compared the risk of severe clinical
outcomes among Omicron patients and patients infected with other SARS-CoV-2 VOCs.*” Over
288,534 person-days of follow-up after an outpatient positive test, 88 patients with Omicron
variant infections were admitted to hospital, and 189 patients with Delta variant infections over
264,408 person-days of follow-up. Similar to earlier studies, risk of hospital admission was lower
in Omicron cases compared to Delta cases. Compared to cases with a Delta infection, the
unadjusted hazard ratios of ICU admission and mortality associated with Omicron variant
infection were 0.26 (95% Cl: 0.10-0.73) and 0.09 (95% Cl: 0.01-0.75), respectively, among cases
with infections first ascertained in outpatient settings. The daily risk of mechanical ventilation
among Delta patients was significantly higher compared to Omicron variant infections (0.04 vs
0 per 1000 person days at risk following a positive outpatient test; p<0.001). The estimated
median duration of stay for patients with Omicron variant infections with symptomatic
hospitalizations was 1.5 (1.3-1.6) days, with 90% of patients expected to complete
hospitalizations within 3.1 (2.7-3.6) days. Among symptomatic hospitalized patients with Delta
variant infections, the estimated median duration of stay was 4.9 (4.3-5.6) days. This difference
corresponded to a 69.6% (64.0-74.5%) shorter median length of hospital stay among patients
with Omicron variant infections as compared to patients with Delta variant infections. In
terms of age, Omicron patients had higher adjusted odds of being aged 20-29 and 30-39 years,
and had lowest odds of being young children and older adults, compared to Delta patients.

e Although South Africa’s progress through its Omicron wave is ahead of the rest of the world,
data from South Africa may not be generalizable to the Ontario context due to differences in
history of previous SARS-CoV-2 infection and vaccination status, as well as age distribution of
the population. Nevertheless, two studies are highlighted below, the first of which adjusts their
model for previous infection and vaccination.

e A cohort study in South Africa of 5,144 patients from wave four and 11,609 from prior
waves used Cox regression analysis to compare the risk between waves for death, severe
outcomes <14 days after diagnosis.*® Adjustments were made for age, sex, comorbidities,
geography, vaccination and prior infection. After adjusting for age, sex, comorbidities and
sub-district there was a substantially reduced hazard of death in wave four compared to
wave three (adjusted Hazard Ratio [aHR] 0.27; 95% CI: 0.19; 0.38), which was attenuated
(0.41; 95% Cl 0.29; 0.59) when adjusted for prior infections and vaccination. The hazard
of reduced severity showed a similar pattern to severe hospitalization and death. Of note,
for all outcomes, the reduced risk during the Omicron wave was attenuated with
adjustment for prior diagnosed infection and vaccination. Protection by vaccination
against outcomes was similar in wave four compared to wave three: protection against
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death from full vaccination aHR (95% CI) was 0.24 (0.10; 0.58) in wave four and 0.35 (0.22;
0.54) in late wave three. Protection by prior infection against hospitalization or death was
aHR (95%Cl) of 0.32 (0.20; 0.52) in late wave three and 0.13 (0.06; 0.27) during wave four.
Even after accounting for previous infections, there was a 25% reduction in severe
hospitalization or death in wave four (Omicron) compared to wave three (Delta).

e Using SARS-CoV-2 cases from November 1 to December 14, 2021 in South Africa, a study
reported that Omicron cases (using lack of RdRp target delay [a cycle threshold in the PCR
platform used] as a proxy for the Omicron variant)(n=1,486) had a lower hazard of hospital
admission (adjusted Hazard Ratio [aHR] of 0.56, 95% confidence interval [Cl] 0.34-0.91),
than Delta cases (n=150).** Complete vaccination was protective of admission with an aHR
of 0.45 (95%Cl 0.26-0.77). Adjustments were made for vaccination status, prior infection,
and comorbidities.

Vaccine Effectiveness (VE)

Since the last PHO Risk Assessment,?> more evidence has emerged demonstrating that two doses of
COVID-19 vaccines are less effective at preventing Omicron breakthrough infections compared to other
VOCs and ‘wild-type’ SARS-CoV-2. A third COVID-19 vaccine dose increases short-term protection
against symptomatic Omicron infection.

e A test negative case control study using UK data estimated the VE against symptomatic infection
in 236,023 Delta cases and 760,647 Omicron cases.'* In individuals who received two doses of
AstraZeneca, VE decreased from 45 to 50% at two to four weeks after dose two to almost no
effect against Omicron from 20 weeks after the second dose. In individuals who received two
doses of Pfizer or Moderna, VE decreased from around 65 to 70% down to around 10% by 20
weeks after the second dose. Two to four weeks after a third dose, VE ranged from around 65
to 75%, then dropped to 55 to 65% at 5 to 9 weeks, and 45 to 50% from 10+ weeks after the
booster. One dose of vaccine was associated with a 43% reduced risk of hospitalization among
symptomatic cases with the Omicron variant, two doses with a 55% reduction up to 24 weeks
after the second dose and a 40% reduced risk 25 or more weeks after the second dose, and a
third dose was associated with a 74% reduced risk of hospitalization in the first two to four
weeks after vaccination, but dropped slightly to a 66% reduction by 10+ weeks after the
booster dose. Combined with VE against symptomatic disease, this results in a VE against
hospitalisation of 58% after one dose, 64% 2 to 24 weeks after two doses, 44% 25+ weeks after
two doses, and 92% dropping to 83% 10+ weeks after a third dose. Combining the periods for
the third dose, overall VE against hospitalization 2+ weeks after the third dose was 89% (95% Cl
86-91%).
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In-Vitro and Modelling Evidence of Vaccine Efficacy

Since the previous PHO Risk Assessment,? additional studies have reported reduced antibody levels and
function against Omicron compared to wild-type SARS-CoV-2 and other VOCs in two-dose vaccinated
and/or previously infected individuals,3°%52 with some evidence of relatively well-preserved Fc effector
function and neutralization against Omicron.>*>* There is additional evidence to support previous
reports that despite the numerous mutations in Omicron, T cell recognition of Omicron is largely
preserved.>>*® There is additional evidence to support the benefit of a longer interval between
vaccinations to improve antibody boosting, benefit of heterologous vaccine platform prime-boost
compared to homologous adenoviral prime-boost regimens and evidence of stronger antibody
responses in vaccinated, previously infected individuals compared to vaccinated individuals without
previous infection, or individuals with previous infection and no vaccination.>>”°8 Select reports are
highlighted below.

e AstraZeneca has reported that when their vaccine was given as a third dose booster to
individuals previously vaccinated with the AstraZeneca or an mRNA vaccine, it increased the
immune response to Beta, Delta, Alpha and Gamma SARS-CoV-2 variants, and increased the
antibody response to Omicron.® The exact results were not reported, but the company
indicated data will be submitted to regulators given the demand for boosters. The results build
on a recent pre-print reporting that a dose of AstraZeneca COVID-19 vaccine substantially
increased antibody levels following a primary vaccine series with CoronaVac (Sinovac Biotech).%°

e Burns et al quantified antibody responses immediately after a Pfizer vaccination and six months
post-inoculation against the wild-type SARS-CoV-2 Spike and RBD, as well as Omicron RBD.5 A
subgroup of adolescents showed decreased Omicron sensitivity compared to wild-type in the
weeks following the second vaccine, but most exhibited equal sensitivity for Omicron and wild-
type RBD after the second vaccine. At six-months, adolescents showed a trend towards
increased immune responses against Omicron, despite an overall trend towards lower total
antibody titers. There was a strong correlation in declining anti-Spike and anti-RBD titers for
both wild-type and Omicron.
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Breakthrough Infections and Reinfections

As more individuals in a population become vaccinated, a greater proportion of SARS-CoV-2 infections
will occur in vaccinated individuals. However, this does not mean that vaccinated individuals are more
likely to get infected. Since the last PHO Risk Assessment,> more evidence has emerged characterizing
breakthrough infections caused by Omicron.*6263 One study is highlighted below.

e An update to the UK SIREN study (data from June 15, 2020 to January 9, 2022),** which is a
cohort of over 44,000 National Health Service healthcare workers that undergo asymptomatic
testing every two weeks, reported that since mid-December 2021, there has been a steep
increase in the PCR positivity. A preliminary assessment of protection from Omicron infections
(including symptomatic and asymptomatic individuals), provided by vaccination, prior SARS-CoV-
2 infection, or a combination, in a subset (18,464) of the SIREN cohort between December 1,
2021 and January 4, 2022 reported increased protective effect of a third vaccine dose, even in
individuals with prior infection, compared to uninfected and unvaccinated participants. There
was additional incremental benefit from each vaccine exposure, even in individuals who have
had prior infection. These results were unadjusted and will be refined in future analyses. Of
note, reinfections were defined as new PCR positive infections 90 days after a previous PCR
positive date or 28 days after antibody positivity consistent with prior infection.

Measures in Response to Omicron

This section was informed by scanning government websites and searches in the Google search engine
for literature related to Omicron, public health measures, and vaccination programming; thus, some
relevant articles may not be included. The following jurisdictions were searched on January 18, 2022:
Denmark, England, Finland, France, Germany, Ireland, Israel, Italy, Netherlands, Norway, Portugal, New
York State, and California.

Changes to Public Health Measures

All included jurisdictions have implemented public health measures in response to the emergence of
Omicron. However, some jurisdictions are shifting focus to emphasize vaccination and are expressing
interest in or have already started removing restrictions. Since the last Risk Assessment, the following
changes to public health measures were identified in select jurisdictions:

e Some jurisdictions eased measures including reopening public venues (e.g., Denmark, Portugal,
Netherlands),®*%® increasing capacity limits (e.g., Norway),®’ or lifting alcohol sales curfews (e.g.,
Norway).®” Additionally, some jurisdictions are expressing interest in easing measures in the
near future (e.g., England, Finland, Ireland).5%7°

e Finland limited hours for food and drink establishments and extended public health measures
currently in place for another month.”

e Some jurisdictions tightened public health measures including vaccine pass eligibility (e.g.,
France)’? and validity (e.g., France, Germany).”>7*

e New York State updated its school attendance policy to allow students a remote option.”
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Changes to Vaccination Programming

On January 18, 2022, the WHO stated that although there is evidence of some waning of vaccine

immunity against Omicron in children and adolescents, more research is needed to ascertain which

children and adolescents need booster doses.”® Since the last Risk Assessment, the following changes to

vaccination programming were identified in select jurisdictions:

e Some jurisdictions increased vaccinations either through a fourth dose (e.g., Denmark),”” second

and booster doses for children ages 12 — 17 years (e.g., Germany, Norway),”®”° first doses for

children ages 5 — 11 years (e.g., Norway)’® or a booster dose for adults (e.g., Portugal).®

Ontario Risk Assessment

e The current risk of Omicron transmission in Ontario is high, with a low degree of uncertainty.

The risk of reinfection and breakthrough infection in Ontario is high with a low degree of

uncertainty, while the risk of severe disease, particularly amongst unvaccinated individuals, is

moderate, with a moderate degree of uncertainty. The volume of cases due to the increased

transmission of Omicron presents risks to testing capacity and as a result, risks to surveillance

quality. The incidence of severe cases due to increased transmission is a threat to health system

capacity.

e The overall risk assessment may change as new evidence emerges (see Table 1).

Table 1. Risk Assessment for Omicron B.1.1.529

Issues ’ Risk Level
Increased Transmissibility High
Disease Severity Moderate
COVID-19 Re-infection High
Lowered Vaccine Effectiveness/Breakthrough Infections High
Impacts on Testing/Surveillance Moderate

‘ Degree of Uncertainty
Low
Moderate
Low
Low

Low
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Implications for Practice

The epidemiology of Omicron in Ontario has become more challenging to interpret due to the rapid
increase in Omicron cases and changes in eligibility for PCR testing, which makes metrics such as the
reproduction number and confirmed case rate an underestimate. As a result, it is difficult to identify
when an Omicron wave has peaked in Ontario and some other jurisdictions.

The evidence for three vaccine doses providing additional protection against symptomatic infection and
good protection from hospitalization is strong, making three dose vaccinations (and four doses, in those
eligible) a key public health tool in the current Omicron context. There is also growing evidence of
similarly high immunity in individuals with a combination of previous infection and vaccination. There is
strong evidence to inform an update to the definition of fully vaccinated from two doses to three doses
in the context of vaccine certificates and their intended use to lift public health measures while
minimizing potential infections. To retain the purpose and effectiveness of vaccine certificates, they
should indicate the bearer has the optimal vaccine effectiveness available to them. To prevent
inequities, all eligible individuals require support to access third doses. Evidence of what combination of
infection(s) and vaccination(s) provide comparable immunity to three doses of vaccine is building, but is
less consistent than the evidence that three doses of vaccine provides greater protection against severe
outcomes of Omicron variant infection compared to two doses.

Public health measures (e.g., masking, capacity limits) and accelerated booster vaccinations are
important to mitigate the surge in Omicron cases, reduce population morbidity and mortality, and
address impacts to the health system.
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	 The evidence continues to demonstrate that three doses of a Coronavirus Disease 2019 (COVID-19) vaccine provides greater protection against severe outcomes of Omicron variant infection compared to two doses. There is additional evidence of stronger antibody responses in vaccinated, previously SARS-CoV-2-infected individuals compared to vaccinated individuals without previous infection, or individuals with previous infection and no vaccination. The duration of protection from a third dose or recent infecti
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	 The bulk of the evidence continues to demonstrate that Omicron causes less severe disease compared to Delta infections, but hospitalization data has many limitations, in particular differences in metrics across jurisdictions. Nonetheless, due to increased transmissibility of Omicron, the absolute number of severe cases poses a significant threat to health system capacity in many jurisdictions. At this time, there is insufficient data to comment on hospitalization outcomes, mortality, or long-term COVID ou
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	 The current risk of Omicron transmission in Ontario is high, with a low degree of uncertainty. The risk of reinfection and breakthrough infection (after two doses of Pfizer, Moderna, AstraZeneca, or a heterologous combination) in Ontario is high with a low degree of uncertainty. The risk of severe disease, particularly amongst unvaccinated individuals, is moderate with a moderate degree of uncertainty. The overall risk assessment may change as new evidence emerges.  
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	 Based on what is known about Omicron and its high transmissibility and high absolute number of severe cases in Ontario, increased or maintained community-based public health measures and accelerated vaccination efforts targeting those most at-risk of severe outcomes and onward transmission (e.g., those in congregate living settings and schools/daycares) can help protect Ontarians, ensure health system capacity to safely and optimally care for Ontarians, and limit disruption of critical infrastructure and 
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	Issue and Research Question 
	Since its identification on November 8, 2021 in South Africa,1 Omicron has become the dominant severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variant in many countries. Since the last report on January 12, 20222 more evidence has emerged of Omicron’s transmissibility, potential immune evasion, and disease severity. This brief updates the evidence since the previous Public Health Ontario (PHO) risk assessments,3-8 and summarizes available information and evidence on the Omicron variant of conce
	Methods 
	PHO Library Services conducted daily searches of primary and preprint literature using the MEDLINE database (search strategies available upon request). In addition, PHO performed grey literature searches daily using various news feeds and custom search engines. English-language peer-reviewed and non-peer-reviewed (preprint) records that described COVID-19 variants were included. 
	Main Findings 
	Genomics 
	To determine the evolutionary relationships between Omicron and other SARS-CoV-2 variants, the mutational profiles, including the per-site mutation rates were analyzed.9 Omicron has a unique mutation profile compared to other VOCs. The identification of five mouse-adapted mutation sites in the Omicron variant suggests it may have evolved in a mouse host.  
	Epidemiology 
	The early waves of the SARS-CoV-2 pandemic were highly irregular across settings and across dominant SARS-CoV-2 lineages, in part due to levels of immunity, human behavioral patterns, climate, and irregularly timed interventions. Waning population immunity and immune evasion due to Omicron’s numerous mutations, make it uncertain whether Omicron outbreak trajectories outside of South Africa will follow the steep rise and fall experienced in that country. Recent analyses of SARS-CoV-2 waves, however, reveal s
	 Washburne et al. observed that Omicron outbreaks across South African provinces exhibited a comparable pattern to earlier Delta outbreaks, but on a shorter timescale, with an onset to peak time of approximately 30 days, in contrast to 75 to 90 days observed for Delta peaks.10 As of January 10, 2022 the first US Omicron outbreaks appear to be exhibiting transmission trajectories similar to the early Omicron outbreaks across South Africa. The authors hypothesize that in the absence of highly effective mitig
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	 To visualize the dynamics of cases and deaths, Arnaout and Arnaout plotted the cases and deaths for COVID-19 waves from 16 countries, with time being implicit (and not its usual placement on the X-axis).11 The plots suggest that in most settings, the Omicron wave is very different from previous waves.  The combined plot of many countries to represent the world showed the Omicron wave as having a very steep rise in cases but not in deaths, at least at the time of analyses. The authors also note that the wo
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	 Schlickeiser and Kroger recently predicted the temporal evolution of the Omicron wave in different countries based on the susceptible-infectious-recovered/removed (SIR) epidemic compartment model, with a constant stationary ratio k=mu(t)/a(t) between the infection (a(t)) and recovery (mu(t)) rate and using a doubling time of three days for the rate of new infections.12 They proposed three scenarios (optimistic, pessimistic, intermediate) for each country considered. The model estimated Denmark as having t
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	The Omicron lineage BA.2 does not contain the Spike deletion at position 69-70 and therefore is S-gene positive (SGTP).13 On January 1, 2022, the Omicron lineage BA.2 accounted for 5% of UK SGTP specimens i.e. non-Omicron, in the UK, and the UK Health Security Agency (UKHSA) reports that the proportion is increasing.14 Therefore, S-Gene Target Failure (SGTF) is no longer considered sufficient to assess the spread of Omicron as a whole in the UK and current comparative analyses which use S-gene target result
	In Ontario, Canada: 
	 As of January 19, 2022, whole genome sequencing (WGS) from surveillance testing across Canada reported that of SARS-CoV-2 samples collected the week of December 26, 2021, 92.6% were Omicron, but data were still accumulating.15 On January 19, 2022, Canada reported 21,163 new cases, 148 deaths, 323,113 active cases, and the daily percent positivity (over the previous 7 days) was 22.3%.  The Public Health Agency of Canada (PHAC) notes that due to changes in COVID-19 testing policies in many jurisdictions sta
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	 In Ontario, on December 28, 2021, 80.4% of samples tested at the PHO laboratory exhibited SGTF, indicating that Omicron is the dominant circulating variant.16 The PHO laboratory discontinued SGTF testing on December 30, 2021. Due to changes in the eligibility criteria for PCR testing in Ontario effective December 31, 2021, reported confirmed case counts are an underestimate of the true number of individuals with SARS-CoV-2 infection.  
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	 The Ontario 7-day confirmed case average increased from 838 on December 1, 2021 to 4,592 on December 23, 2021, 14,162 on January 6, 2022, and was 11,338 on January 11, 2022.17  
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	 On December 31, 2021 (i.e., the day on which changes to the eligibility criteria for PCR testing took effect), the percent positivity was 34.3%.18 On January 8, 2022 (i.e., just over a week since the testing eligibility update), the percent positivity was 27.7%, and on January 16, 2022 the percent positivity was 24.2%. 
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	 As of January 18, 2022 there were 422 ongoing outbreaks in long-term care homes, 318 in retirement homes, 595 in congregate living settings, 241 in hospitals, and 28 workplace outbreaks.19  
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	Notable epidemiological trends from select countries are: 
	 During the week of January 10 to January 16, 2022, the World Health Organization (WHO) reported over 18 million new COVID-19 cases, which is a 20% increase compared to the previous week.20 Only the African Region reported a decrease in incidence of weekly cases. The South-East Asia Region reported the largest increase in new cases (145%), followed by the Eastern Mediterranean Region (68%), the Western Pacific Region (38%), the Region of the Americas (17%) and the European Region (10%). New weekly deaths i
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	 According to modelling projections, the United States (US) Centers for Disease Control and Prevention (CDC) estimated that for the week ending January 15, 2022, 99.5% (90% Confidence Interval [CI]: 99.3-99.7)21 of SARS-CoV-2 cases were Omicron.  
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	 As of January 12, 2022, the current 7-day moving average of daily new cases (782,766) increased 33.2% compared with the previous 7-day moving average (587,723).22  
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	 The 7-day daily average hospitalizations for the week ending January 11, 2022, was 20,637, which is a 24.5% increase from the prior 7-day average (16,571) for the week ending January 4, 2022.22  
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	 The United Kingdom (UK) Health Security Agency (UKHSA) reported >90% of a representative sample of specimens were Omicron based on SGTF in the last week of December 2021.23 In the UK, 108,069 new cases were reported on January 18, 2022.24  
	 The United Kingdom (UK) Health Security Agency (UKHSA) reported >90% of a representative sample of specimens were Omicron based on SGTF in the last week of December 2021.23 In the UK, 108,069 new cases were reported on January 18, 2022.24  

	 Between January 13 to January 19, 2022, 652,469 people had a confirmed positive test, which is a decrease of 37.2% compared to the previous 7 days. Between January 6 to January 12, 2022, there were 1,038,500 confirmed positive tests, which was a decrease of 19.0% compared to the previous 7 days.  
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	 Between January 9 to January 15, 2022, 14,927 went into hospital with coronavirus, which is a decrease of -4.9% compared to the previous 7 days. Between January 2 and January 8, 2022, there were 15,591 new COVID-19 hospitalizations, an increase of 5.2% compared to the previous 7 days. 
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	 In Denmark, the Omicron variant represented >90% of the confirmed SARS-CoV-2 cases based on analysis of data extracted January 7, 2022.25  
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	 The 7-day rolling average of new cases per million people increased from 722 on November 30, 2021 to 4,327 on January 17, 2022.26 On January 19, 2022, Denmark reported 38,759 new COVID-19 cases in the previous 24 hours.27  
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	 On January 20, 2022, Denmark reported that the BA.2 Omicron substrain now accounts for nearly half of their cases, and is rapidly displacing the BA.1 Omicron strain.28,29 In a two week period from late December to mid-January, BA.2 prevalence increased from 20% to 45% of Denmark’s COVID-19 cases. During this time, Denmark's COVID-19 infections reached record highs. The week of January 17, 2022, Denmark reported over 30,000 new cases per day, which is ten times more cases than at the peaks in their previou
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	  On January 19, 2022, South Africa reported 4,322 new COVID-19 cases and a 10.6% positivity rate.30 
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	Transmissibility 
	Modelling, in vitro and in-silico analyses support current epidemiological findings of Omicron having higher transmissibility and suggest potential mechanisms. It remains unclear to what extent the increased transmission of Omicron is due to inherent characteristics of the virus (i.e., enhanced ability to infect cells) or due to immune evasion.  
	Epidemiological Evidence 
	 The UKHSA estimated the Omicron and Delta serial interval distributions using UK contact tracing data.31 They reported Omicron (n=11,240) and Delta (12,353) to have similar mean serial intervals, with 3.64 days (95% CI: 3.6, 3.68) for Omicron, and 3.87 days (95% CI: 3.84, 3.9) for Delta. The Omicron serial interval had higher variance and a shorter median interval.   
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	 An analysis of daily growth rates for the Omicron and Delta variants in the UK from November to December 2021 estimated a shorter generation time distribution for Omicron with a mean of 1.5-3.2 days and a standard deviation of 1.3-4.6 days, assuming a generation time distribution for Delta with a mean of 2.5-4 days (90% credible interval) and a standard deviation of 1.9-3 days.32 The authors estimate this equals a 160%-210% transmission advantage for Omicron compared to Delta in this setting, which could 
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	 Using genome surveillance data of Gauteng province as registered to Global Initiative on Sharing Avian Influenza Data (GISAID) to compare the predicted and observed fractions of Omicron, Delta, and other variants from September 16 to November 30, 2021, a model estimated the effective reproduction number of Omicron to be 4.2 times (95% confidence interval [CI]: 2.1, 9.1) greater than that of the Delta variant.33 For the period October 18 to November 30, 2021, the authors estimated the Omicron variant was 3
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	In-vivo, In-vitro and Modelling Evidence 
	The human ACE2 (hACE2) receptor is used by SARS-CoV-2 to enter host cells; therefore, mutations that alter binding affinity or stability or tissue tropism (e.g., faster replication in human bronchi as opposed to lungs) could impact infectivity and transmission. Since the last PHO Risk Assessment,2 more in vitro studies have reported evidence of Omicron exhibiting different tissue tropism,34,35 and new in silico and electron micrograph studies have analyzed Omicron binding to the hACE2 receptor, with varied 
	 Reidiker et al investigated the distribution of airborne viral emissions for Delta and Omicron, and assessed the risk estimates for public settings given reports of higher viral load and infectivity for these variants.41 The study simulated indoor airborne transmission of SARS-CoV-2 by including a CO2 calculator and recirculating air cleaning devices. The authors assessed the consequences of the lower critical dose of more infectious VOCs on the infection risk in public settings with different protection 
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	 Using longitudinal, quantitative RT-qPCR test results (n=10,324) from the National Basketball Association’s (NBA) occupational health program, a study quantified the fraction of tests with PCR cycle threshold (Ct) values <30 (as a proxy for potential infectivity), duration of viral proliferation, clearance rate, and peak viral concentration for individuals with acute Omicron and Delta variant SARS-CoV-2 infections.42 Most of the study participants were vaccinated, but details were not reported. Of 27 Omic
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	 To determine the viral load in vaccine breakthrough infections (diagnosed positive at least 14 days after second dose) from pre-VOC, Delta and Omicron, infectious virus and RNA were measured from nasopharyngeal specimens.43 The infectious viral titres during the first five symptomatic days were assessed in vaccine breakthrough infections with Delta (n= 121) or Omicron (n=18). The median time between second dose and breakthrough infection was 79.5 (IQR 40.5-139 days) for Delta infections and 136 (IQR 85-17
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	 An investigation of early cases of Omicron in Japan sought to determine the duration of infectious virus shedding.44 Using the date of specimen collection for diagnosis or symptom onset as day 0, the quantitative RT- PCR of 83 respiratory specimens from 21 cases (19 vaccinated and 2 unvaccinated cases; 4 asymptomatic and 17 mild cases) showed that the amount of viral RNA was highest 3-6 days after diagnosis/symptom onset, and then slowly decreased over time, with a marked decrease after 10 days since diag
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	 Molecular docking analysis revealed that the Omicron Spike (S) protein has higher affinity with neuropilin1 (NRP1) than ACE2, which may explain Omicron’s increased infectivity.35 The free binding energies between NRP1 and Omicron  S -protein (-332.71  kcal/mol) were significantly higher than free binding energies between NRP1 and S protein of wild-type (-312.61 kcal/mol). Similar to Omicron, wild-type S-protein (-312.61  kcal/mol) exhibited higher free binding energies with NRP1 compared to the free bindi
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	Diagnostics 
	Although most current molecular tests for SARS-CoV-2 are expected to be able to detect Omicron,8 there is increasing evidence of limited sensitivity, optimal detection windows and specimen site for rapid antigen tests, as previously described.2 
	 Given the broad use of rapid antigen tests (RATs), the sensitivity of eight RATs to Omicron was investigated using analytical sensitivity testing with cultured virus and retrospective testing in duplicates was performed with clinical samples from vaccinated individuals with Omicron (n=18) or Delta (n=17) breakthrough infection using seven RATs.45 The authors report high heterogeneity between RAT ability to detect Omicron. Based on cultured virus, there was a trend towards lower sensitivity for Omicron det
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	Clinical Presentation  
	Information continues to emerge regarding the signs and symptoms of Omicron and how they may differ from infection with other SARS-CoV-2 variants.  
	 A UKHSA analysis of NHS Test and Trace data found that loss of smell or taste was reported less often by Omicron cases than Delta cases (13% of Omicron cases, 34% of Delta cases, adjusted  odds ratio [aOR]: 0.22, 95% CI: 0.21-0.23), but sore throat was reported more often by Omicron cases (53% of Omicron cases, 34% of Delta cases, aOR: 1.93, 95% CI: 1.88-1.98).14 The UKHSA notes, however, that increases in sore throat reporting is also observed in those who test negative for SARS-CoV-2, suggesting sore th
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	Disease Severity 
	There remain limitations with the Omicron severity literature; however, the bulk of early evidence suggests Omicron causes less severe disease than Delta, and this is supported by several new studies that have emerged since the last Risk Assessment;46 however, there remains a moderate degree of uncertainty regarding disease severity. There is insufficient data to comment on hospitalization outcomes including progression of severity of illness, complications, and mortality. Select studies are highlighted bel
	 The UKHSA reported that the number of pediatric admissions with any COVID-19 infection (>90% of UK samples were Omicron at end of November 2021) began increasing from December 26, 2021, from an average of 40 admissions per day to 120 per day, which is a 3-fold rise in 2 weeks.14 The increase was most rapid among children under 5 years, and highest in infants aged under 1 year. The most common three symptoms (not specified) were consistent with respiratory infection. However, The Royal College of Pediatric
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	 A prospective cohort study conducted in California compared the risk of severe clinical outcomes among Omicron patients and patients infected with other SARS-CoV-2 VOCs.47 Over 288,534 person-days of follow-up after an outpatient positive test, 88 patients with Omicron variant infections were admitted to hospital, and 189 patients with Delta variant infections over 264,408 person-days of follow-up. Similar to earlier studies, risk of hospital admission was lower in Omicron cases compared to Delta cases. C
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	 Although South Africa’s progress through its Omicron wave is ahead of the rest of the world, data from South Africa may not be generalizable to the Ontario context due to differences in history of previous SARS-CoV-2 infection and vaccination status, as well as age distribution of the population. Nevertheless, two studies are highlighted below, the first of which adjusts their model for previous infection and vaccination. 
	 Although South Africa’s progress through its Omicron wave is ahead of the rest of the world, data from South Africa may not be generalizable to the Ontario context due to differences in history of previous SARS-CoV-2 infection and vaccination status, as well as age distribution of the population. Nevertheless, two studies are highlighted below, the first of which adjusts their model for previous infection and vaccination. 

	 A cohort study in South Africa of 5,144 patients from wave four and 11,609 from prior waves used Cox regression analysis to compare the risk between waves for death, severe outcomes ≤14 days after diagnosis.48 Adjustments were made for age, sex, comorbidities, geography, vaccination and prior infection. After adjusting for age, sex, comorbidities and sub-district there was a substantially reduced hazard of death in wave four compared to wave three (adjusted Hazard Ratio [aHR] 0.27; 95% CI: 0.19; 0.38), wh
	 A cohort study in South Africa of 5,144 patients from wave four and 11,609 from prior waves used Cox regression analysis to compare the risk between waves for death, severe outcomes ≤14 days after diagnosis.48 Adjustments were made for age, sex, comorbidities, geography, vaccination and prior infection. After adjusting for age, sex, comorbidities and sub-district there was a substantially reduced hazard of death in wave four compared to wave three (adjusted Hazard Ratio [aHR] 0.27; 95% CI: 0.19; 0.38), wh


	death from full vaccination aHR (95% CI) was 0.24 (0.10; 0.58) in wave four and 0.35 (0.22; 0.54) in late wave three. Protection by prior infection against hospitalization or death was aHR (95%CI) of 0.32 (0.20; 0.52) in late wave three and 0.13 (0.06; 0.27) during wave four. Even after accounting for previous infections, there was a 25% reduction in severe hospitalization or death in wave four (Omicron) compared to wave three (Delta). 
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	death from full vaccination aHR (95% CI) was 0.24 (0.10; 0.58) in wave four and 0.35 (0.22; 0.54) in late wave three. Protection by prior infection against hospitalization or death was aHR (95%CI) of 0.32 (0.20; 0.52) in late wave three and 0.13 (0.06; 0.27) during wave four. Even after accounting for previous infections, there was a 25% reduction in severe hospitalization or death in wave four (Omicron) compared to wave three (Delta). 

	 Using SARS-CoV-2 cases from November 1 to December 14, 2021 in South Africa, a study reported that Omicron cases (using lack of RdRp target delay [a cycle threshold in the PCR platform used] as a proxy for the Omicron variant)(n=1,486) had a lower hazard of hospital admission (adjusted Hazard Ratio [aHR] of 0.56, 95% confidence interval [CI] 0.34-0.91), than Delta cases (n=150).49 Complete vaccination was protective of admission with an aHR of 0.45 (95%CI 0.26-0.77). Adjustments were made for vaccination 
	 Using SARS-CoV-2 cases from November 1 to December 14, 2021 in South Africa, a study reported that Omicron cases (using lack of RdRp target delay [a cycle threshold in the PCR platform used] as a proxy for the Omicron variant)(n=1,486) had a lower hazard of hospital admission (adjusted Hazard Ratio [aHR] of 0.56, 95% confidence interval [CI] 0.34-0.91), than Delta cases (n=150).49 Complete vaccination was protective of admission with an aHR of 0.45 (95%CI 0.26-0.77). Adjustments were made for vaccination 


	Vaccine Effectiveness (VE) 
	Since the last PHO Risk Assessment,2 more evidence has emerged demonstrating that two doses of COVID-19 vaccines are less effective at preventing Omicron breakthrough infections compared to other VOCs and ‘wild-type’ SARS-CoV-2. A third COVID-19 vaccine dose increases short-term protection against symptomatic Omicron infection.   
	 A test negative case control study using UK data estimated the VE against symptomatic infection in 236,023 Delta cases and 760,647 Omicron cases.14 In individuals who received two doses of AstraZeneca, VE decreased from 45 to 50% at two to four weeks after dose two to almost no effect against Omicron from 20 weeks after the second dose. In individuals who received two doses of Pfizer or Moderna, VE decreased from around 65 to 70% down to around 10% by 20 weeks after the second dose. Two to four weeks afte
	 A test negative case control study using UK data estimated the VE against symptomatic infection in 236,023 Delta cases and 760,647 Omicron cases.14 In individuals who received two doses of AstraZeneca, VE decreased from 45 to 50% at two to four weeks after dose two to almost no effect against Omicron from 20 weeks after the second dose. In individuals who received two doses of Pfizer or Moderna, VE decreased from around 65 to 70% down to around 10% by 20 weeks after the second dose. Two to four weeks afte
	 A test negative case control study using UK data estimated the VE against symptomatic infection in 236,023 Delta cases and 760,647 Omicron cases.14 In individuals who received two doses of AstraZeneca, VE decreased from 45 to 50% at two to four weeks after dose two to almost no effect against Omicron from 20 weeks after the second dose. In individuals who received two doses of Pfizer or Moderna, VE decreased from around 65 to 70% down to around 10% by 20 weeks after the second dose. Two to four weeks afte


	In-Vitro and Modelling Evidence of Vaccine Efficacy 
	Since the previous PHO Risk Assessment,2 additional studies have reported reduced antibody levels and function against Omicron compared to wild-type SARS-CoV-2 and other VOCs in two-dose vaccinated and/or previously infected individuals,34,50-52 with some evidence of relatively well-preserved Fc effector function and neutralization against Omicron.53,54 There is additional evidence to support previous reports that despite the numerous mutations in Omicron, T cell recognition of Omicron is largely preserved.
	 AstraZeneca has reported that when their vaccine was given as a third dose booster to individuals previously vaccinated with the AstraZeneca or an mRNA vaccine, it increased the immune response to Beta, Delta, Alpha and Gamma SARS-CoV-2 variants, and increased the antibody response to Omicron.51,59 The exact results were not reported, but the company indicated data will be submitted to regulators given the demand for boosters. The results build on a recent pre-print reporting that a dose of AstraZeneca CO
	 AstraZeneca has reported that when their vaccine was given as a third dose booster to individuals previously vaccinated with the AstraZeneca or an mRNA vaccine, it increased the immune response to Beta, Delta, Alpha and Gamma SARS-CoV-2 variants, and increased the antibody response to Omicron.51,59 The exact results were not reported, but the company indicated data will be submitted to regulators given the demand for boosters. The results build on a recent pre-print reporting that a dose of AstraZeneca CO
	 AstraZeneca has reported that when their vaccine was given as a third dose booster to individuals previously vaccinated with the AstraZeneca or an mRNA vaccine, it increased the immune response to Beta, Delta, Alpha and Gamma SARS-CoV-2 variants, and increased the antibody response to Omicron.51,59 The exact results were not reported, but the company indicated data will be submitted to regulators given the demand for boosters. The results build on a recent pre-print reporting that a dose of AstraZeneca CO

	 Burns et al quantified antibody responses immediately after a Pfizer vaccination and six months post-inoculation against the wild-type SARS-CoV-2 Spike and RBD, as well as Omicron RBD.61 A subgroup of adolescents showed decreased Omicron sensitivity compared to wild-type in the weeks following the second vaccine, but most exhibited equal sensitivity for Omicron and wild-type RBD after the second vaccine. At six-months, adolescents showed a trend towards increased immune responses against Omicron, despite 
	 Burns et al quantified antibody responses immediately after a Pfizer vaccination and six months post-inoculation against the wild-type SARS-CoV-2 Spike and RBD, as well as Omicron RBD.61 A subgroup of adolescents showed decreased Omicron sensitivity compared to wild-type in the weeks following the second vaccine, but most exhibited equal sensitivity for Omicron and wild-type RBD after the second vaccine. At six-months, adolescents showed a trend towards increased immune responses against Omicron, despite 


	Breakthrough Infections and Reinfections 
	As more individuals in a population become vaccinated, a greater proportion of SARS-CoV-2 infections will occur in vaccinated individuals. However, this does not mean that vaccinated individuals are more likely to get infected. Since the last PHO Risk Assessment,2 more evidence has emerged characterizing breakthrough infections caused by Omicron.14,62,63 One study is highlighted below.  
	 An update to the UK SIREN study (data from June 15, 2020 to January 9, 2022),14 which is a cohort of over 44,000 National Health Service healthcare workers that undergo asymptomatic testing every two weeks, reported that since mid-December 2021, there has been a steep increase in the PCR positivity. A preliminary assessment of protection from Omicron infections (including symptomatic and asymptomatic individuals), provided by vaccination, prior SARS-CoV-2 infection, or a combination, in a subset (18,464) 
	 An update to the UK SIREN study (data from June 15, 2020 to January 9, 2022),14 which is a cohort of over 44,000 National Health Service healthcare workers that undergo asymptomatic testing every two weeks, reported that since mid-December 2021, there has been a steep increase in the PCR positivity. A preliminary assessment of protection from Omicron infections (including symptomatic and asymptomatic individuals), provided by vaccination, prior SARS-CoV-2 infection, or a combination, in a subset (18,464) 
	 An update to the UK SIREN study (data from June 15, 2020 to January 9, 2022),14 which is a cohort of over 44,000 National Health Service healthcare workers that undergo asymptomatic testing every two weeks, reported that since mid-December 2021, there has been a steep increase in the PCR positivity. A preliminary assessment of protection from Omicron infections (including symptomatic and asymptomatic individuals), provided by vaccination, prior SARS-CoV-2 infection, or a combination, in a subset (18,464) 


	Measures in Response to Omicron 
	This section was informed by scanning government websites and searches in the Google search engine for literature related to Omicron, public health measures, and vaccination programming; thus, some relevant articles may not be included. The following jurisdictions were searched on January 18, 2022: Denmark, England, Finland, France, Germany, Ireland, Israel, Italy, Netherlands, Norway, Portugal, New York State, and California. 
	Changes to Public Health Measures 
	All included jurisdictions have implemented public health measures in response to the emergence of Omicron. However, some jurisdictions are shifting focus to emphasize vaccination and are expressing interest in or have already started removing restrictions. Since the last Risk Assessment, the following changes to public health measures were identified in select jurisdictions: 
	 Some jurisdictions eased measures including reopening public venues (e.g., Denmark, Portugal, Netherlands),64-66 increasing capacity limits (e.g., Norway),67 or lifting alcohol sales curfews (e.g., Norway).67 Additionally, some jurisdictions are expressing interest in easing measures in the near future (e.g., England, Finland, Ireland).68-70 
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	 Some jurisdictions eased measures including reopening public venues (e.g., Denmark, Portugal, Netherlands),64-66 increasing capacity limits (e.g., Norway),67 or lifting alcohol sales curfews (e.g., Norway).67 Additionally, some jurisdictions are expressing interest in easing measures in the near future (e.g., England, Finland, Ireland).68-70 

	 Finland limited hours for food and drink establishments and extended public health measures currently in place for another month.71 
	 Finland limited hours for food and drink establishments and extended public health measures currently in place for another month.71 

	 Some jurisdictions tightened public health measures including vaccine pass eligibility (e.g., France)72 and validity (e.g., France, Germany).73,74 
	 Some jurisdictions tightened public health measures including vaccine pass eligibility (e.g., France)72 and validity (e.g., France, Germany).73,74 

	 New York State updated its school attendance policy to allow students a remote option.75  
	 New York State updated its school attendance policy to allow students a remote option.75  


	Changes to Vaccination Programming 
	On January 18, 2022, the WHO stated that although there is evidence of some waning of vaccine immunity against Omicron in children and adolescents, more research is needed to ascertain which children and adolescents need booster doses.76 Since the last Risk Assessment, the following changes to vaccination programming were identified in select jurisdictions: 
	 Some jurisdictions increased vaccinations either through a fourth dose (e.g., Denmark),77 second and booster doses for children ages 12 – 17 years (e.g., Germany, Norway),78,79 first doses for children ages 5 – 11 years (e.g., Norway)79 or a booster dose for adults (e.g., Portugal).80 
	 Some jurisdictions increased vaccinations either through a fourth dose (e.g., Denmark),77 second and booster doses for children ages 12 – 17 years (e.g., Germany, Norway),78,79 first doses for children ages 5 – 11 years (e.g., Norway)79 or a booster dose for adults (e.g., Portugal).80 
	 Some jurisdictions increased vaccinations either through a fourth dose (e.g., Denmark),77 second and booster doses for children ages 12 – 17 years (e.g., Germany, Norway),78,79 first doses for children ages 5 – 11 years (e.g., Norway)79 or a booster dose for adults (e.g., Portugal).80 


	Ontario Risk Assessment 
	 The current risk of Omicron transmission in Ontario is high, with a low degree of uncertainty. The risk of reinfection and breakthrough infection in Ontario is high with a low degree of uncertainty, while the risk of severe disease, particularly amongst unvaccinated individuals, is moderate, with a moderate degree of uncertainty. The volume of cases due to the increased transmission of Omicron presents risks to testing capacity and as a result, risks to surveillance quality. The incidence of severe cases 
	 The current risk of Omicron transmission in Ontario is high, with a low degree of uncertainty. The risk of reinfection and breakthrough infection in Ontario is high with a low degree of uncertainty, while the risk of severe disease, particularly amongst unvaccinated individuals, is moderate, with a moderate degree of uncertainty. The volume of cases due to the increased transmission of Omicron presents risks to testing capacity and as a result, risks to surveillance quality. The incidence of severe cases 
	 The current risk of Omicron transmission in Ontario is high, with a low degree of uncertainty. The risk of reinfection and breakthrough infection in Ontario is high with a low degree of uncertainty, while the risk of severe disease, particularly amongst unvaccinated individuals, is moderate, with a moderate degree of uncertainty. The volume of cases due to the increased transmission of Omicron presents risks to testing capacity and as a result, risks to surveillance quality. The incidence of severe cases 

	 The overall risk assessment may change as new evidence emerges (see 
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	Implications for Practice 
	The epidemiology of Omicron in Ontario has become more challenging to interpret due to the rapid increase in Omicron cases and changes in eligibility for PCR testing, which makes metrics such as the reproduction number and confirmed case rate an underestimate. As a result, it is difficult to identify when an Omicron wave has peaked in Ontario and some other jurisdictions.   
	The evidence for three vaccine doses providing additional protection against symptomatic infection and good protection from hospitalization is strong, making three dose vaccinations (and four doses, in those eligible) a key public health tool in the current Omicron context. There is also growing evidence of similarly high immunity in individuals with a combination of previous infection and vaccination. There is  strong evidence to inform an update to the definition of fully vaccinated from two doses to thre
	Public health measures (e.g., masking, capacity limits) and accelerated booster vaccinations are important to mitigate the surge in Omicron cases, reduce population morbidity and mortality, and address impacts to the health system.   
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