
Prediction of transmission mitigation based on the 

antiviral effect of Ensitrelvir and simulation of its 

impact on epidemics

• Ensitrelvir is an oral SARS-CoV-2 3CL protease inhibitor that has demonstrated a 

significant reduction in change from baseline in viral RNA at day 4 of treatment 

compared to placebo in patients with mild to moderate COVID-19.

• In general, it is known that transmission of infectious diseases is associated with higher 

viral load in infected individuals. To control the spread of infectious diseases, it is 

important to achieve early negative status for the virus at an early stage through early 

diagnosis and treatment.

• Here, we attempted to evaluate the long-term impact of the antiviral drug, ensitrelvir, 

infection control by simulation.
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Background

Methods

Scenario analysis number of infections using transmission mitigation

• Using estimated the effect of transmission mitigation by ensitrelvir, a long-term 

scenario analysis was performed to assess the impact of ensitrelvir on the number of 

infections at the population level and estimate reduction ratio in the annual number 

of infections per treatment rate compared to no treatment.

• In conducting the scenario analysis, the age-structured SIRS model was adopted for 

this study. This model is a mathematical model of infectious diseases that can 

represent the epidemic dynamics of infectious diseases while accounting for 

reinfection[4]. 

• We assume that a person is born in the youngest age category in the total population 

𝑁𝑖at birth rate 𝜇𝑖 . Let 𝛼𝑖 be the rate of moving up one age category per year.

• Simulations were conducted considering the population structure and age-specific 

contact conditions in Japan. Parameters incorporated into the model included the 

estimated effect of transmission mitigation , the rate of treatment with ensitrelvir, and 

the duration of immunity after reinfection.

• Other parameters for SIRS model were set by applying to Omicron variants.

Calculation of transmission mitigation

• The AUC (area under the curve) of infectiousness profiles was calculated for each 

treatment start time as the total infectiousness. 

• The AUC of ensitrelvir group and that of placebo were calculated for each treatment 

start time, taking ratio to estimate transmission mitigation. We performed these steps 

on three scales, on a natural-scale (𝑉(𝑡)), logarithmic-scale (log10 𝑉(𝑡)), or to a dose–

response (1 −  𝑒−𝛼𝑉 𝑡 ) transform of viral RNA. Where 𝑉 𝑡  was viral RNA and 𝛼 =

10−4 was adopted [3]

• The estimates obtained here were used as the effect of ensitrelvir in predicting the 

number of infections at the population level.

• Based on PPK model (Population Pharmacokinetics model) and Viral Dynamic model 

of SARS-CoV-2, a drug effect model was constructed to explain viral kinetics after 

ensitrelvir administration [1,2].

• The drug effect model was constructed using 2167 patients (1447 in ensitrelvir group 

and 720 in the placebo group) in clinical trials (Phase 2a/2b and Phase 3) of ensitrelvir.

• In this study, we used data from 

viral kinetic simulations by drug 

effect model for each dose 

timing and ensitrelvir/placebo 

groups.

• Based on these infectiousness profiles, 

we concluded that the natural scale did 

not reflect the characteristics of the 

omicron variant due to short infectious 

period and that others were more 

applicable.

We concluded following suggestions in this study under several assumptions, including 

the effect of transmission mitigation, duration of immunity and treatment rate. These 

results should be confirmed with actual data in the near future.

• Early taking of antiviral drugs, including ensitrelvir, could have effect on reducing 

transmission.

• Approximately 10-15% risk reduction in transmission could be expected with ensitrelvir 

treatment.

• In case of 70% treatment rate among infected persons, it is estimated to reduce the 

number of infections by approximately 3% per year compared with no treatment.

Results

• The earlier treatment from the onset of symptoms, the greater efficacy of ensitrelvir in 

transmission-mitigation was shown.

• Based on the results of transmission mitigation estimation, we figured that the Log 

scale or the Dose-response scale of infectiousness profiles was appropriate in the case 

of Omicron variant. So, we assumed that transmission mitigation would be 10-15%, 

supposing that early treatment would be achieved, and conducted a long-term 

simulations.

Figure 1. Transmission mitigation by treatment start time
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• The SIRS model was used to estimate the effect of treatment of COVID-19 cases over a 

period of 20 years after the pandemic in Japan under several scenarios, considering 

the effect of transmission mitigation (10% and 15%), durations of immunity ( 6 month 

and 1 year ) and treatment rate with ensitrelvir (10, 40 and 70%).

• During the endemic period, it was estimated that there would be approximately 1-2% 

of the total population with constant infection in all scenarios.

Figure 2. Daily infection rates for the total population in Japan

• Based on the simulation, we estimated the annual reduction ratio in the number of 

infections per treatment rate compared to no treatment in Japan.

• Regardless of the duration of immunity, the reduction ratio in the number of infections 

at 10%, 40%, and 70% treatment rates with ensitrelvir was approximately 0.3%, 1.2%, 

and 2.1% at 10% transmission mitigation and 0.4%, 1.8%, and 3.2% at 15% 

transmission mitigation.

• This ratio of decline remained almost constant until 20 years after the pandemic to 

endemic phase.

Table 1. Estimated reduction ratio (%) in the annual number of 

infections per treatment rate 

Natural Scale Log Scale Dose-Response; alpha=1e-4

Treatment start time 12-24h 24-36h 36-48h 48-60h 60-72h 12-24h 24-36h 36-48h 48-60h 60-72h 12-24h 24-36h 36-48h 48-60h 60-72h

Median transmission 

mitigation (%)
17.6 8.5 3.8 1.7 0.8 9.4 7.9 6.5 5.2 4.1 14.9 13.0 11.2 9.5 7.9
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Individual viral shedding curves 

per treatment start time
• ensitrelvir vs Placebo

• The treatment start time was shifted every 0.1 

day (every 2.4 hours) in simulation

The ratio of AUC of infectiousness 

profiles for each treatment start time
• Assuming that the AUC ratio of the infection profile could 

be converted to transmission mitigation

• Estimated using AUC ratios between ensitrelvir group and 

placebo

Scenario analysis by SIRS model
• The parameters were the transmission mitigation, the 

treatment rate and immune duration 

Concept of this study

Conclusion

Simulation of viral RNA 

𝜆𝑖: rate of susceptibles infected by contact with notreated patients, 𝜆𝐸𝑖 : rate of susceptibles infected by contact with ensitrelvir treated patients,

𝛾: rate of recovery, 𝜔: rate of Immune lost, 𝜈𝑖: rate of death
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