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Variant Replacement Model
n The frequency of variant 𝐴! at time 𝑡 can 

be presented using 𝑅"# of 𝐴! w.r.t 𝑎 as 
follows:

where 𝑔! 𝑗 , 𝑔"! 𝑗 , …𝑔"" 𝑗 are the generation time 
distribution of 𝑎, 𝐴#, … , 𝐴$.

(6)

Note that the formula doesn’t contain 𝑅! 𝑡 or 𝐼(𝑡)

𝑞!!(𝑡) =
𝑘" ∑#$%& 𝑔!! 𝑗 𝑞!! 𝑡 − 𝑗

∑#$%& 𝑔' 𝑗 𝑞' 𝑡 − 𝑗 + ∑"( 𝑘" ∑#$%& 𝑔!! 𝑗 𝑞!! 𝑡 − 𝑗



K Ito, C Piantham, H Nishiura: 
Eurosurveillance, July 2021



Situation in June 2021
n The Delta variants showed high transmissibility in 

India and United Kingdom.
n Tokyo Olympic Games form July 23, 2021.
n The replacement of the Alpha by the Delta was 

posing a public health threat in Japan. 

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

variant RRI Range

R.1 1.25 1.19–1.31

Alpha 1.44 1.33–1.58

Delta 1.95 1.70–2.30

RRI w.r.t. viruses in December 2020

Ito，Piantham, Nishiura, 
Eurosurveillance, 2021

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
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Collaboration with Prof Nishiura under AMED 
grant JP20fk0108535
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Increase in Transmissibility
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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 RRI become 1.90 
w.r.t. viruses in 
December.



Reports by News Media
NHK （2021-06-24）The New York Times （2021-06-23）
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Evaluation of Predictions
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Prediction using data up to 6/14



Evaluation of Predictions
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other The three-month 

predictions reported 
to the Japanese 
Government were 
matched with later 
observations almost 
perfectly. 

Prediction using data up to 6/14
and Observation after 6/14



Situation in December 2021
n The Omicron variants showed high transmissibility 

in South Africa.
n The replacement of the Delta by the Omircon was 

posing a public health threat worldwide. 

Important questions (as of December 2021) 
n How transmissible the Omicron is compared to 

Delta.
n When the Delta will be replaced by the Omicron.



Omicron in Denmark

Variant RRI 95%CI

Omicron 3.19 2.82–3.61

Relative Reproduction Number 
(RRI) w.r.t Delta

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

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

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



Contributions to Risk Management

CNN （2022-01-04CDC （2022-01-04）

n The results are used by the CDC and worldwide media. 
n Real-time analyses of variant replacements were reported to 

the COVID-19 advisory board meeting in the Ministry of 
Health Labour and Welfare, Japan 20 times since 2021.  



Prediction made on 2021-12-18
Predicted



Actual Data Observed Later
Predicted

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



Generation time of Omicron
n The mean generation time of Omicron BA.1 is 

0.44–0.46 times that of Delta.
n The mean generation time of Omicron BA.2 is 

0.76–0.80 times that of BA.1.
n The RRI of BA.1 and 

BA.2 w.r.t Delta is 
1.88–2.19 and 1.25–
1.27, respectively. 



Retrospective Prediction Tests
n 399,530 nucleotide sequences of Alpha and Delta 

variants of SARS-CoV-2 viruses collected from 
England from 1 January to 31 July 2021.

n Predictions were 
made using relative 
reproduction 
numbers when the 
relative frequency of 
Delta was 5%, 10%, 
15%, …, 90%. 



Prediction at 5% (on April 21)



Prediction at 10% (on April 26)



Prediction at 15% (on April 30)



Prediction at 20, 25, …, 45%



Prediction of the date when the 
relative frequency become 90%

Once a new variant’s 
relative frequency 
reached 0.15, the date 
when the relative 
frequency of the new 
variant would reach 
0.90 was predicted with 
maximum absolute 
prediction errors of
three days. 



Collaboration with Fiocruz

Arantes, I., Bello, G.,…, Naveca, F. G. (2023). Nature Communications



Relative Re of SARS-CoV-2 
VOCs in Amazonas

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
n The future trajectory of variant replacement 

can be predicted.
n Accurate predictions were expected after the 

new variant reached around 15% in frequency. 
n Public health policymakers may have only a 

short time to prepare control measures for the 
increase in viral transmissibility. 

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


