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About BC COVID-19 Modelling Group

The BC COVID-19 Modelling Group works on
rapid response modelling of the COVID-19
pandemic, with a special focus on British
Columbia and Canada.

The interdisciplinary group, working
independently from Government, includes
experts in epidemiology, mathematics, and data
analysis from UBC, SFU, UVic, and the private

sector, with support from the Pacific Institute for

the Mathematical Sciences.

https://bccovid-19group.ca

February 17 2022
BC COVID-19 Modelling Group

Contributors to report

Sarah Otto (UBC, co-editor)

Eric Cytrynbaum (UBC, co-editor)
Dean Karlen (UVic and TRIUMF)
Jens von Bergmann (MountainMath)
Caroline Colijn (SFU)

Rob James (evidently.ca)

Rob DuMont

Ailene MacPherson (SFU)

James Colliander (UBC and PIMS)
Daniel McDonald (UBC)

Paul Tupper (SFU)

Daniel Coombs (UBC)

Elisha Are (SFU)

Bryn Wiley (UBC)

Independent and freely offered advice,
using a diversity of modelling approaches. 2
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Overview

Omicron on the decline

e Declining numbers of cases among those aged 70+ and of COVID patients in hospital
provide evidence that the Omicron wave is subsiding in BC, except in Northern Health.

e BC’s booster program has been highly successful (53% of eligible people over 12 have now
been boosted) and is likely a strong contributor to taming the Omicron wave.

A cautious approach to reopening would help avoid a surge over the next month

e Omicron sub-variant BA.2 is spreading in Canada, with selection favouring BA.2 by a
selection coefficient of 6% in BC per day relative to BA.1.
o The impact of BA.2 depends strongly on when it arrives in the Omicron wave. In BC, the

current frequency of BA.2 remains low, suggesting that it will extend the peak but not cause a
major rise in Omicron infections.

e Even while Omicron is declining, many infections — more than half — typically happen on the
way down from an epidemic peak, so measures such as masking, getting boosted, and
avoiding poorly ventilated crowded places will continue to be important over the next month.
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Omicron sub-lineage BA.2 is spreading in Canada

°
Gamma

Omicron describes two major lineages, BA.1 and BA.2, which
differ at many sites but share 21 changes in the spike protein.

BA.1 (green) spread rapidly In December in Canada but has
recently been declining in frequency due to the spread of BA.2
(blue; dot area is proportional to number of sequences).

— In Canada, BA.2 is spreading faster than BA.1 at a ..
rate of s = 12% per day, similar to rates seen in 1.0 BA 1 before Dec 25: 5-0.25
Denmark and UK in our previous report.

BA.1 after Dec 25: s=0.06
0.8 BA.2 after Dec 25: s=0.18

Data suggests that the advantage of BA.2 over BA.1 comes
from a higher inherent transmissibility (UK Report), not an ability
to escape immunity following BA.1 infection. A study of
neutralizing antibodies produced by individuals infected with
BA.1 indicates that these antibodies neutralize BA.1 and BA.2 at
nearly equal rates. A UK study of BA.2 cases with recent COVID .
found all were previously infected with Delta, not BA.1. Novi Novis  Deci Dects  Jani Janis  Febt

o g
» o

Proportion of sequences


https://covariants.org/variants/21L.Omicron
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1050999/Technical-Briefing-35-28January2022.pdf
https://www.medrxiv.org/content/10.1101/2022.02.06.22270533v1
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1054357/Technical-Briefing-36-11February2022_v2.pdf
https://bccovid-19group.ca/post/2022-02-04/COVID19group-2022-02-04.pdf
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Selection on BA.1 and BA.2 by province
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These plots show the proportion of BA.1 (green), BA.2
(blue), and non-Omicron (remainder) for three provinces
with sufficient data about BA.2. See Appendix for details. BC D a—— N

— BA.2 is spreading with a selective advantage per

day relative to BA.1 of 6.1% in BC [95%CI: 4-8%)], 7
17.5% in AB [16-19%], and 10.3% in ON [9-12%)]. "CC_>
BA.2 established earlier in Alberta, where it is now =
prevalent. x
The estimated proportion of COVID-19 cases due to BA.2
on February 17, 2022 is 15% in BC, 96% AB, 44% ON. o
“ ON

Nov 1 Nov 15 Dec1 Dec 15 Jan 1 Ja‘n 1‘5 B Feb 1
Source (S. Otto; BC COVID-19 Modelling Group) Parameters estimated by maximum likelihood based on a trinomial distribution given the expected
frequencies under selection acting upon BA.1 (including BA.1.1) and BA.2, relative to non-Omicron (AY.25, AY.25.1, AY.103). Selection for BA.2 vs BA.1 can S
be found by subtracting BA.1’s advantage over non-Omicron from BA.2’s advantage over non-Omicron; Hessian matrix used to obtain confidence intervals.
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Selection on BA.1 and BA.2 by province
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These plots show the proportion of BA.1 (green), BA.2 %
(blue), and non-Omicron (remainder) for two provinces %
with sufficient data about BA.2. See Appendix for details. qg
C
— BA.2 is spreading with a selective advantage per %
day relative to BA.1 of 6.1% in BC [95%CI: 4-8%] and g
10.3% in ON [9-12%)]. o
The estimated proportion of COVID-19 cases due to BA.2 |
on February 17, 2022 is 15% in BC and 44% ON. “ ON

Nov 1 Nov 15 Dec1 Dec 15 Jan1 Jan 1‘5 h Feb 1
Source (S. Otto; BC COVID-19 Modelling Group) Parameters estimated by maximum likelihood based on a trinomial distribution given the expected
frequencies under selection acting upon BA.1 (including BA.1.1) and BA.2, relative to non-Omicron (AY.25, AY.25.1, AY.103). Selection for BA.2 vs BA.1 can
be found by subtracting BA.1’s advantage over non-Omicron from BA.2’s advantage over non-Omicron; Hessian matrix used to obtain confidence intervals.
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Omicron lineages in Denmark

Denmark was one of the earliest countries to see the rapid |
10 .1/Delta

growth of Omicron cases. BA11/BA1
— BA.2/BA.1

e The BA.1 growth advantage over Delta slowed
significantly once it became dominant:
o Shown in red: s = 28%/day, 16%/day, 11%/day

e The BA.2 growth advantage over BA.1 appears to be
constant. Shown in blue: s = 11%/day

® BA.1.1 also shows a growth advantage over BA.1
: s = 14%/day, 6%/day

The changes in growth advantage occurred at the same i
time as a significant drop in growth rates in Denmark (and
many other jurisdictions).

10!

10°

lineage ratio

102

The lineage ratios allow hospitalization severity to be — o —
estimated for each lineage (next slide). Date

Source: D. Karlen. Data from Danish Covid-19 Genome Consortium. Maximum likelihood analysis described in Appendix of February 4 report. Bars indicate 95% intervals. 6
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Omicron lineages and modelling Denmark hospitalizations

Denmark wWwWw.pypm.ca Denmark wWwWw.pypm.ca
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Using the lineage ratios, cases due to each lineage are inferred and fit to define a multiple-strain infection model. By fitting
the model to overall hospital admission data, the relative severity of BA.2 to BA.1 infections is estimated to be about 0.7,
although this is uncertain and cannot separate impact of BA.2 versus shifts over time in hospital admission rates.

Source (D. Karlen). See www.pypm.ca. The larger dots show weekly averages. The dashed curves show hospital projections scaled to fit overall hospital admission data. 7
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How might BA.2 affect the Omicron wave?

This slide shows a simple epidemic toy model, treating individuals as either susceptible to Omicron, infected
with BA.1 (red) or with BA.2 (green). Here, BA.2 spreads 12% faster than BA.1 but arrives later. Immunity
provided by BA.1 infection or by boosters* protects against infection by either Omicron variant.

The impact of BA.2 depends on when it becomes common in a region. In areas where BA.2 establishes late
(left), the epidemic curve is only extended slightly. In areas where, by chance, it establishes early (right),
BA.2 can dominate the Omicron wave, leading to more total cases. The middle panel shows an intermediate
outcome where BA.2 creates a “shoulder” in the Omicron wave.

BA.2

BA.2
BA.1 BA BA.1 BA.1

20 40 60 80 100 120 140 20 40 60 80 100 120 140 20 40 60 80 100 120 140 Days

— The impact of BA.2 depends strongly on the timing of its introduction

# of infections

Source (S. Otto) Assumes that BA.1 initially spread at a rate of r = 0.22 per day, that BA.2 spreads at a rate of r = 0.34 per day (a 12% selective advantage
of BA.2 over BA.1), infections last on average 7 days, and booster vaccinations proceeded at a rate that 52.7% of the eligible population (12+) would be
vaccinated by February 14 2022 (as in BC), with 80% vaccine effectiveness against infection if boosted. 8
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Past the peak does not mean infection risk is over

Simple epidemics (with a single variant) typically cause more infections on the way down from a peak than
on the way up, a prediction that has been seen often with COVID (waves rise faster and decline slower).

Here we add dashed lines to the previous graphs to show when 50% of infections would occur, illustrating
that many infections are yet to come in the current wave.

[ 1
n I [ 1
C I 1 1
i) : : :
5 | BA.2
2 . | :
E | 1 1
"06 | 1 1
e BA.1E BAS BA.1 i BA.1 i
20 40 60 80 100 120 140 20 40 60 80 100 120 140 20 40 60 80 100 120 140 DayS

— As long as BC remains near the Omicron peak, measures to reduce risk are important
to maintain (masking, booster shots, avoiding crowded poorly ventilated areas)
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lllustrative comparisons: impact of the timing of reopening

Here we illustrate the impact of full reopening
at the peak time vs 10 or 20 days later.

BC

50000

Uses a multi-strain model accounting for
reduced testing, boosters, waning immunity
and Omicron’s advantage over Delta (see
model in Appendix).

*(D
“Reopening”: reverse the decrease in %
transmission that we estimate for late o
December 2021. Laomo

Q.

:

In all cases, full reopening leads to another

surge, but delaying the reopening greatly /
reduces the peak height. y - T—

Parameters: Booster efficacy against infection 70% (Omicron); 2-dose efficacy against

) . } } ‘ ) i : S ) o @fi\ o @sﬁ @ﬂ? & rtb,w’” éff” o ,95»"” @ﬂ? o (959’ Q%f’:" & {&ff” 0%,'9/ & ’13;]?{ S\fﬂ’ o
infection 15%, immediate protection of recovery against reinfection 90%, waning immunity 6 & F FF S F F @ EF @ W @S
months, incubation period 3 days. Estimated parameters: transmission rates for Delta and Date

Omicron, reduction in transmission late December, dispersion parameter, 2021 = Current, TC = NTC — reopen at peak — reopen 10 days after peak — reopen 20 days after peak

ascertainment fraction. Likelihood: includes reported cases accounting for testing change;

50% Omicron ~Dec 12, 20% daily growth advantage when Omicron emerged 1 O

* Reportable case: would have been reported, under pre-Dec 2021 testing
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Age-corrected case counts: British Columbia

The black dashed curve estimates the
total number of “reportable” cases,
applying growth in older age cohorts
(green) to correct for limited testing in
younger groups (blue).

500

BC 5659

Corrected total

5000

<70 (blue)

This correction suggests ~5700 70+ (green)
reportable cases on February 14 .

compared to the 519* reported. i
The age distribution is, however, likely
to have shifted over the last month, so
this total is increasingly unreliable.

Oct 1 Oct 15 Nov 1 Nov 15 Dec 1 Dec 15 Jan1 Jan 15 Feb 1

— Cases among the 70+ age group, who have been more consistently tested, are now declining
significantly in BC**, although they remain high and predict continued hospital demand in the near future.

Source (S. Otto; BC COVID-19 Modelling Group) New cases per day in 10-year age groups were downloaded from the BCCDC COVID-19 data portal.
Cubic spline fits to log-case data were obtained (curve) and estimates for those <70 obtained by applying the fits for those 70+, shifted up to match the
projection for that age class on 21 December 2022 when testing limits were initially reached in many parts of BC. *From the daily BC Gov News 11
reports. **Linear regression through log case counts among 70+ from last 14 days of data.



https://bccovid-19group.ca/
http://www.bccdc.ca/health-info/diseases-conditions/covid-19/data
https://news.gov.bc.ca/
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Age-corrected case counts: Health Authority

Vancouver Coastal 833 0 Vancouver Island 958 5000 Interior

5000

Corrected total
<70 (blue)
70+ (green)

1000
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50 T
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5 5. 5.
Oct 1 0ct 15 Nov 1Nov 15 Dec 1Dec 15 Jan 1Jan 15 Feb 1 Oct 1 0ct 15 Nov 1Nov 15 Dec 1Dec 15 Jan 1 Jan 15 Feb 1 Oct 10ct 15 Nov 1Nov 15 Dec 1Dec 15 Jan 1 Jan 15 Feb 1
Fraser 1873 Northern 461
000

The Omicron wave has not yet peaked in
all Health Authorities based on the case
numbers among those aged 70+.

10 10
5 5
Oct 1 Oct 15 Nov 1Nov 15 Dec 1Dec 15 Jan 1 Jan 15 Feb 1 Oct 1 Oct 15 Nov 1Nov 15 Dec 1Dec 15 Jan 1Jan 15 Feb 1

— Significant declines among those aged 70+ are mainly observed in Vancouver Coastal and
Fraser Health Authorities; cases in Northern HA is trending upwards.

Source (S. Otto) New cases per day in 10-year age groups were downloaded from the BCCDC COVID-19 data portal. Cubic spline fits to log-case data were obtained
(curve) and estimates for those <70 obtained by applying the fits for those 70+, shifted up to match the projection for that age class on 21 December 2022 when testing limits]
were initially reached in many parts of the province. *Linear regression through log case counts among 70+ from last 14 days of data.
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British Columbia COVID-19 cases, hospital and ICU census

1024 4 While declines in case
5104 numbers in early
January largely reflected

2597 testing limitations, the
1281 number of COVID

. patients in hospital

peaked at the end of

321 January and is now

161 declining.

8-

ICU census —— Hospital census —— Cases
Data: BCCDC for cases, Canada Covid-19 tracker for hospital and ICU census 1 3

Source (J. von Bergmann) Case data from BC COVID-19 Database (http://www.bccdc.ca/health-info/diseases-conditions/covid-19/data). STL trend lines on log scale.
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ospital projections for Alberta and BC

Alberta VW pypm.ca Alberta
200 : 3000
——— hospital admissions - in hospital
175 i — inicu
2500
150 ol
< .
125 g 2% Model of Omicron (BA.1 and BA.2
> . . .
- T ; combined) fits Alberta hospital
o] . .
H admission data well. Even though
75 = . . C
2 1000 BA.2 is now dominant, admissions
50 £ continue to decline.
500
25
01— . — . : ; . ; 0= : . : . : . :
15 Dec 15 Jan 15 Feb 15 Mar 15 Dec 15 Jan 15 Feb 15 Mar
2022-Mar 2022-Mar
200 —EC wwrw pypm.ca NN - + Hospital admission data from BC
— Tnpharmisiasiont " — in hospital continues to be poor quality (widely
. | - woo | ' scattered grey dots). Using this noisy
150 i g data, the model still predicts a decline
125 i g ™ in hospital occupancy, as is now clear
L .
100 § 560 in the data.
©
75 =
S 400
- 3 Source (D. Karlen). See www.pypm.ca. The larger dots
< 200 show weekly averages. The vertical lines indicate dates that
2 e OIS e transmission rate was changed to fit data. Projections do not
0l i i . . . . ol . . . . . . . account for recent or future changes to public policy or
15 Dec 15 Jan 15 Feb 15 Mar 15 Dec 15 Jan 15 Feb 15  Mar

2022-Mar 2622.Mar personal behaviour.
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February 11th update includes data through February 6th %‘gfb‘r'jacgn:tt:d before:

.January 30th
.January 22nd

The fraction of BC’s
February 11th

entire population with February 4th \¢

Double vaccinated before:
January 28th

one or two doses | February 6th
increased 0.3% and ~ February 11tn : B January 30th
0.7% respectively — -2 | HES : : , M January 22nd

over the past week Triple vaccinated before:

W February 6th
B January 30th
[l January 22nd

Unvaccinated

Booster Progress

The fraction of BC’s
entire population with
three doses increased
FebruaryF1e1lz:1uary o \3.0% over the past week

Source (B. Wiley). Design by Blake Shaffer (https://blakeshaffer.shinyapps.io/app_vaccines/) BC Vaccination data for first and second doses from 15
https://health-infobase.canada.ca/covid-19/vaccination-coverage/, with area of each circle segment proportional to BC’s population in that age class. BC 2022 Population
projections for vaccination percentages from BC Stats: https://www?2.gov.bc.ca/gov/content/data/statistics/people-population-community/population/population-projections



https://blakeshaffer.shinyapps.io/app_vaccines/
https://health-infobase.canada.ca/covid-19/vaccination-coverage/
https://www2.gov.bc.ca/gov/content/data/statistics/people-population-community/population/population-projections

Booster Shots/Day

Booster Shot Progress

As reported by day and estimated for weekends and holidays

80000 -
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Date

Data via R Dumont from daily briefings.

Salmon coloured columns are periods where day-specific booster are not available: e.g. weekends & holidays.
Red dots are reported single-day booster #s.

Blue bars are per day mean boosters where number was reported for multiple days (total/# of days).
Horizontal line is 70K/day, the value assumed in 14 Jan 2022 Epi Modelling.
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Booster doses
continue to provide
important protection
from Omicron.

The daily booster
dose are now nearing
10K/day.

As of 11 Feb, 12-17
y/o are eligible for
boosters, but no
evidence of an ‘uptick’
in our data

16
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State of the Omicron wave in BC:

e Cases in individuals >70 in age are now declining significantly in BC, although this largely reflects declines
in Vancouver Coastal Health and Fraser Health, with rising trends continuing in Northern Health.

e Declines in the number of people hospitalized with COVID is a strong indicator that many parts of BC are
now past the Omicron peak.

e The biggest source of uncertainty over the next few weeks is whether a further surge will occur because:
o Reopening on 17 February 2022 could increase transmission rates more than the current rate of decline
o The selective advantage of BA.2 could allow it to spread further, despite growing immunity in BC

e What is certain is that Omicron remains prevalent in BC, and we should expect many more
infections, even if infection rates are declining.

— Measures to reduce risk are important to maintain while Omicron remains
prevalent (masking, booster shots, avoiding crowded poorly ventilated areas)

17
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Appendix: Timely contributions of genomic data

Median number of days between
collection and submission to GISAID

This plot shows delays in uploading
sequence data to GISAID for samples | | / | |
collected in Canada since November 1, 100| 30 21 22 28 24 38 17 34 19
2021 (relevant to Omicron). ‘

80|
Across Canada, the median delay is 28 -
days between collection and submission,

60 | ‘
not including the sequences that have yet _ l '

Days to submission

to be uploaded. This is greatly improved 40

over the 88 days found earlier (Kalia et al.). [

New Brunswick is the leader of the pack, 20

comparing favourably to international [ i

standards (e.g., UK at 16 days). or ‘ l ‘ A
BC AB SK MB ON QC NB NS NFL

— Delays in submitting data make it challenging to detect the spread of variants (GISAID
such as BA.1 and BA.2 and their impact on public health. 18


https://www.gisaid.org/
https://www.nature.com/articles/s41587-021-01040-0#MOESM1
https://www.nature.com/articles/s41587-021-01040-0#MOESM1
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Appendix: Selection on BA.1 and BA.2 by province " e
'°°°-_ Afr Dec 25 3-007 - 'fZZﬁ Afer Dec 25: 520,13 'GISAID)

10.

The frequency of BA.1 (green) or BA.2
(blue) divided by the frequency of
non-Omicron is shown on the right for the

1.

0.1

three provinces with enough data on BA.2. — I BC (
. . . . 9 Nov 15 bec1 Dec15 Jan1 Jan15 Feb1 Nov 15 Dec1 Dec15 Jan1 Jan15 Feb1
Fits (lines) were obtained by maximum Cé 1000, Befors e 25: <0273 1000. Afer Doo 25: +0.227
likelihood and give estimates of selection & 100.
for BA.1 and BA.2 relative to non-Omicron. § °
cC 1.
Selection favoring Omicron (BA.1) was 3 o
stronger before measures were takento " AB
SIOW ItS Spread (Iate December) :ﬁ: Novi5' Dec1 Dec15 Jan1 Jan15 Feb1 Nov 15 Dec1 Dec 15 Jan1 Jan15 Feb1
EE 1000. ‘Befors Dec 25: $=0.302 1000- "After Dec 25: 5=0.141
. . . ~ 100. 100.
— Recently, BA.2 is spreading with a S
. . bt 10. 10.
selective advantage per day relative to o : ’ |

BA.1 of 6.1% in BC [95%ClI: 4-8%], 17.5% 0. o
in AB [16-19%], and 10.3% in ON [9-12%]. “"ON " ON

Not¥ 15 Delc1 Dec15 Jan1 Jan15 Feb1 Nov 15 DeJ’1 Dec15 Jan1 Jan15 Feb1
Source (S. Otto; BC COVID-19 Modelling Group) Parameters estimated by maximum likelihood based on a trinomial distribution given the expected

frequencies under selection acting upon BA.1 (including BA.1.1) and BA.2, relative to non-Omicron (AY.25, AY.25.1, AY.27, AY.103). Selection for BA.2 19
vs BA.1 can be found by subtracting BA.1’s advantage over non-Omicron from BA.2’s; Hessian matrix used to obtain confidence intervals.
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Appendix: Multi-strain model

reinfection

This is a model with unvaccinated, vaccinated
and boosted individuals, with two strains: blue
(Delta) and red (Omicron).

vaccina

The model allows for reinfection, different
transmissibility and efficacy for Omicron, and
waning of immunity.

Approach: Fit to reported cases, but adjust
the fraction of infections that are reported to
mirror changes in testing, using those aged
over 70 as a baseline.

Boosters are ongoing in the model at a rate matching BC’s reported levels in late December.





