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Variant Replacement Model

= The frequency of variant 4; at time t can
be presented using Ry; of 4; w.r.t a as
follows:

ki 25’:1 94,() qa,(t —J)
Y 19a(Naat =)D+ X1 ki Xy ga,(Daat =) (6)

CIAL' (t) —

where g,(j), ga,(), ... g4, (j) are the generation time
distribution of a, 44, ..., 4,,.

Note that the formula doesn’t contain R, (t) or I(t)
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Using numbers of SARS-CoV-2 variants detected in
Japan as at 13 June 2021, relative instantaneous repro-
duction numbers (R, ) of the R.1, Alpha, and Delta vari-
ants with respect to other strains circulating in Japan
were estimated at 1.25, 1.44, and 1.95. Depending on
the assumed serial interval distributions, R, varies
from 1.20-1.32 for R.1, 1.34-1.58 for Alpha, and 1.70-
2.30 for Delta. The frequency of Delta is expected to
take over Alpha in Japan before 23 July 2021.

Article submitted on 15 Jun 2021 / accepted on 08 Jul 2021 / published on 08 Jul 2021

on 25 April in 10 of the 47 prefectures in Japan. During
the fourth wave in Japan, public health and social
measures against COVID-19 included the closure of
restaurants, cancellation of mass gathering events and
requests to ‘stay home’. New cases decreased in early
May and the emergency state in Tokyo was lifted on 20
June, but new cases in Tokyo started increasing again
hereafter [3]. As at 20 June, the R.1 variant, Alpha and
Delta VOC are circulating in Japan in addition.



Situation in June 2021

= The Delta variants showed high transmissibility in
India and United Kingdom.

= Tokyo Olympic Games form July 23, 2021.

= The replacement of the Alpha by the Delta was
posing a public health threat in Japan.

Important questions (as of June 2021)
= How transmissible the Delta is compared to Alpha.
= When the Alpha will be replaced by the Delta.




Frequency of Variant

Application to Japanese data

R, w.r.t. viruses in December 2020

variant Rg Range
R.1 1.25 1.19-1.31

Alpha 1.44 1.33-1.58
Delta 1.95 1.70-2.30
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Collaboration with Prof Nishiura under AMED
grant JP20fk0108535

Data until April 25 were collected
from GISAID, and data from April
26 to June 14 were taken by PCR
tests in Tokyo.

The Delta was predicted to take
over Alpha before Olympic Games

Ito, Piantham, Nishiura,
Eurosurveillance, 2021




Population average of Rg,
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Increase in Transmissibility

The transmissibilty of
COVID-19 would
increase around the
end of June 2021 due
to infections by Delta.

Delta would exceed
90% at August 12 and
the population average
of Rg, become 1.90
w.r.t. viruses in
December.



Reports by News Media

The New York Times (2021-06-23)

NHK (2021-06-24)

Ehe New Pork Eimes

A Month Before the Olympics, How Is Japan

Faring With Covid?

By Lauren Leatherby June 23, 2021

With a month to go until the Tokyo Olympics and a state of emergency
freshly lifted in most of the country, Japan is seeing relatively low
coronavirus case counts after a surge last month. But the country’s low
vaccination rate, especially compared with other rich countries, and
variants on the rise there have prompted some public health experts in

recent weeks to express concerns about the Games or call for them to be

canceled.

As athletes and coaches from almost every country in the world prepare to

descend on Japan, where tens of thousands of residents will work at or
attend the Games, just 7 percent of the country’s residents are fully

vaccinated, compared with around a quarter of the population or more in

most other rich countries. About 18 percent have received at least one
shot, ranking Japan’s vaccination rate among the lowest of its peers and
leaving the population vulnerable at a time when the Delta variant is on
the rise and predicted to become dominant.
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Evaluation of Predictions

Frequency of variants

>Prediction using data up to 6/14
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Frequency of variants

Evaluation of Predictions
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Prediction using data up to 6/14

“and Observation after 6/14

The three-month
predictions reported
to the Japanese
Government were
matched with later
observations almost
perfectly.



Situation in December 2021

= The Omicron variants showed high transmissibility
in South Africa.

= The replacement of the Delta by the Omircon was
posing a public health threat worldwide.

Important questions (as of December 2021)

= How transmissible the Omicron is compared to
Delta.

= When the Delta will be replaced by the Omicron.




Frequency

Omicron in Denmark
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Work was conducted under an AMED grant
(JP20fk0108535) with Prof H. Nishiura in Kyoto U

Relative Reproduction Number
(Rg;) w.r.t Delta

Variant Rr 95%Cl
Omicron 3.19 2.82-3.61

Data source:

58,669 sequences submitted
GISAID Database from
Denmark from November 1 to
December 9, 2021

It is suggested that Omicron had
exceeded 50 % in Denmark on
December 16, 2021

Ito, K., Piantham, C., & Nishiura, H. (2022).
Journal of Medical Virology (IF=20.7)




Contributions to Risk Management

= The results are used by the CDC and worldwide media.

= Real-time analyses of variant replacements were reported to

the COVID-19 advisory board meeting in the Ministry of

Health Labour and Welfare,
CDC (2022-01-04)

Japan 20 times since 2021.
CNN (2022-01-04

'1',2' 2] Centers for Disease
W ) Control and Prevention

COVID-19

What We Know About Quarantine and Isolation

Updated Jan. 4, 2022

Quarantine and Isolation: Learn the latest recommendations after COVID-19 exposure or if you are sick.

Why CDC Shortened Isolation and Quarantine for the General
Population

COVID-19 cases due to the Omicron variant have increased along with seasonal increases in influenza and other respiratory
virus infections. The potential for a large number of cases raises serious concerns about societal impact due to illness, as well
as isolation and quarantine requirements [l. CDC has been monitoring the emerging science on when and for how long a
person is maximally infectious with Omicron, as well as the effectiveness of COVID-19 vaccines and booster doses against
Omicron infection. Data related to the mental health effects of the pandemic and adherence to prevention interventions have
also been considered.

@ World

8:07 p.m. ET, January 4, 2022

Omicron variant up to 3 times more infectious than Delta,

eDe says

From CNN's Maggie Fox

variant, the US Centers for Disease Control and Prevention said Tuesday.

The CDC included the estimate as part of an update to its guidelines on isolating after
testing positive for the virus or quarantining after exposure to it.

“Preliminary data suggest that the Omicron variant is up to three times more
infectious than the Delta variant,” the CDC says in the update.

continue to wear well-fitting masks and take additional precautions for 5 days after
leaving isolation or quarantine,” it adds.

The Omicron variant of the coronavirus is up to three times more infectious than the Delta

“With the recommended shorter isolation and quarantine periods, it is critical that people




Prediction made on 2021-12-18

Predicted

et e e

CEEEEETErTerererer e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e et

[
(@)
© G
© £
aje
I _
90 70

Aouanbali4

90 uer
€0 uer
L€ 9=d
8¢ 9ed
G¢ oed
¢c 9ed
6l 9ed
91 9ed
€l 9ed
0l 9=d
20 9ed
¥0 9°d
L0 9ed
8¢ AON
GZ AON
¢¢ NON
61 AON
91 AON
€l AON
Ol AON
L0 AON
0 AON
10 AON



Frequency

Actual Data Observed Later
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Prediction was
perfect until 50%.

Asymmetry was
observed in the
replacement
trajectory.

The cause of the
asymmetry was
analyzed.



Generation time of Omicron is
shorter than Delta
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Generation time of Omicron

= The mean generation time of Omicron BA.1 is
0.44-0.46 times that of Delta.

= The mean generation time of Omicron BA.2 is
0.76—0.80 times that of BA.1.

« The Ri;of BA.land -1 g
BA.2 w.r.t Delta is .
1.88-2.19 and 1.25— § =- o
1.27, respectively. £ =
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Retrospective Prediction Tests

= 399,530 nucleotide sequences of Alpha and Delta
variants of SARS-CoV-2 viruses collected from
England from 1 January to 31 July 2021.

1.0 —

= Predictions were
made using relative 08 -
reproduction
numbers when the
relative frequency of
Delta was 5%, 10%, ™~
15%, ..., 90%. 0.0 ¢

0.6

Frequency




Prediction at 5% (on April 21)

prediction
observed d
future datd

Prediction at frequency of 0.0
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Prediction at 10% (on April 26)

Prediction at frequency of 0.1
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Prediction at 15% (on April 30)

frequency of 0.1

il B e G -
M ...m
©
Ol 63
= =8
O| B850
o .md%w
Ol p L o &
DOl © o O«
Pt
[ | oo l
_ _ I _ I I
Q @9 w =W o O
- O o o o o

Aouanbal

L0 INf

gz unp
Lz unp
9l unp
L1 unp
Q0 unp
Lo unp
12 Re\
2c Re
L1 Rep\
zl Repy
10 Repy
20 Repy
/2 idy
2c 1dy
L1 1dy
2| 1dy
L0 1dy
20 Jdy
gz 1e|\
€z e\
gl Je|\



ion at 20, 25, ..., 45%
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Prediction at frequency of 0.30
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Prediction at frequency of 0.25
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Prediction at frequency of 0.20
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Prediction at frequency of 0.45

—— estimation

prediction
observed data
future data
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Prediction at frequency of 0.40
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Prediction at frequency of 0.35

—— estimation

prediction
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future data
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Prediction of the date when the
relative frequency become 90%

Date predicted to exceed 0.9
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Collaboration with Fiocruz
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Comparative epidemic expansion of
SARS-CoV-2 variants Delta and Omicron
in the Brazilian State of Amazonas
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Relative Re of SARS-CoV-2
VOCs in Amazonas
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The relative Re of Gamma and Omicron BA.1 w.r.t.
Delta was estimated to be 0.76 (95% CI: 0.74-0.77)
and 3.25 (95% CI: 2.88-3.29), respectively.



Summary

= [he future trajectory of variant replacement
can be predicted.

= Accurate predictions were expected after the
new variant reached around 15% in frequency.

= Public health policymakers may have only a
short time to prepare control measures for the
increase in viral transmissibility.

= A quick decision-making process is needed to
take advantage of the prediction.



