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Figure. S1. Fitting the transmission and death rate.  (A) Projection of the 
transmission rate of our model with the data obtained from the University of John 
Hopkins repository of COVID-19 data. (B) Projection of the death rate of our model 
with the data obtained from the University of John Hopkins repository of COVID-
19 data. 
 

 

 

 

 

 

 

 

 

 

 

 
 
 
 



 
 
 
 

Figure. S2. Fitting and projecting the vaccination rate.  (A) Deriving a function that 
describes the behavior of the daily doses applied in the US for one dose-vaccinated 
individuals. (B) Deriving a function that describes the behavior of the second dose 
application for individuals with one dose of vaccination. (C) Dynamics of individuals with 
at least one dose of vaccination considering the baseline vaccination rate since the modelled 
date, as well as situations where the vaccination rate is doubled or diminished 50%. (D) 
Dynamics of individuals with at two doses of vaccination considering the baseline 
vaccination rate since the modelled date, as well as situations where the vaccination rate is 
doubled or diminished 50%. 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Figure. S3. Projection of the cumulative counts of recuperated and deceased individuals 

based on different transmission rates and vaccination rates, including (A) recuperated 

individuals and (B) deceased individuals under a low transmission rate; (C) recuperated 

individuals and (D) deceased individuals under a baseline transmission rate; (E) recuperated 

individuals and (F) deceased individuals under a high transmission rate. The red line presents 

zero vaccination; the green line represents a 50% decrease in VR; the blue dotted line means 

baseline VR and the black dotted line denotes 200% VR. 

  



 

Figure. S4. Modelled projections of low vaccinated rate of symptomatic infections in unvaccinated 

and vaccinated subpopulations under different transmission rates and vaccine effectiveness. The low 

and high vaccination effectiveness denotes the lower bound and the higher bound of the 95% 

confidence intervals of the real-world data, respectively. Panels (A), (D), (G) represents scenarios 

with a low transmission rate, (B), (E), (H) baseline transmission rate, and (C), (F), (I) high 

transmission rate. The case counts of the unvaccinated individuals are depicted by the red line and 

the unit labels on the left-side y-axis, whereas the infected, vaccinated (breakthrough) cases are 

depicted by the green line and the unit labels on the right-side y-axis. 

  



 

Figure. S5. Modelled projections of baseline vaccinated rate of symptomatic infections in 

unvaccinated and vaccinated subpopulations under different transmission rates and vaccine 

effectiveness. The low and high vaccination effectiveness denotes the lower bound and the higher 

bound of the 95% confidence intervals of the real-world data, respectively. Panels (A), (D), (G) 

represents scenarios with a low transmission rate, (B), (E), (H) baseline transmission rate, and (C), 

(F), (I) high transmission rate. The case counts of the unvaccinated individuals are depicted by the 

red line and the unit labels on the left-side y-axis, whereas the infected, vaccinated (breakthrough) 

cases are depicted by the green line and the unit labels on the right-side y-axis. 

 

  



 

Figure. S6. Modelled projections of high vaccinated rate of symptomatic infections in unvaccinated 

and vaccinated subpopulations under different transmission rates and vaccine effectiveness. The low 

and high vaccination effectiveness denotes the lower bound and the higher bound of the 95% 

confidence intervals of the real-world data, respectively. Panels (A), (D), (G) represents scenarios 

with a low transmission rate, (B), (E), (H) baseline transmission rate, and (C), (F), (I) high 

transmission rate. The case counts of the unvaccinated individuals are depicted by the red line and 

the unit labels on the left-side y-axis, whereas the infected, vaccinated (breakthrough) cases are 

depicted by the green line and the unit labels on the right-side y-axis. 

  



 

Figure. S7. Modelled projections of asymptomatic infections in unvaccinated and vaccinated 

subpopulations under different vaccination rates and vaccine effectiveness. The low and high 

vaccination effectiveness denotes the lower bound and the higher bound of the 95% confidence 

intervals of the real-world data, respectively. Panels (A), (D), (G) represents scenarios with a low 

(50%) vaccination rate, (B), (E), (H) baseline vaccination rate, and (C), (F), (I) high (200%) 

vaccination rate. The case counts of the unvaccinated individuals are depicted by the red line and the 

unit labels on the left-side y-axis, whereas the infected, vaccinated (breakthrough) cases are depicted 

by the green line and the unit labels on the right-side y-axis.  



 

Figure. S8. Modelled projections of cumulative death in the US population under different 
vaccination rates and vaccine effectiveness. The low and high vaccination effectiveness denotes the 
lower bound and the higher bound of the 95% confidence intervals of the real-world data, 
respectively. Panels (A), (D), (G) represents scenarios with a low (50%) vaccination rate, (B), (E), 
(H) baseline vaccination rate, and (C), (F), (I) high (200%) vaccination rate. The case counts of the 
unvaccinated individuals are depicted by the red line and the unit labels on the left-side y-axis, 
whereas the infected, vaccinated (breakthrough) cases are depicted by the green line and the unit 
labels on the right-side y-axis.  



 

 

Figure. S9. Reproduction Control Number of the delta variant considering full 
immunity and recovered individuals for asymptomatic infections. The assumed vaccine 
effectiveness (𝜺𝑳𝑨𝟐) parameter under each scenario is denoted on top of each panel and are 
inferred based on real-world data of individuals receiving the BNT162b2 vaccine. The 
heatmaps in left row consider a low transmission rate; the heatmaps in the center row 
panels consider a baseline transmission rate; and the heatmaps in the right row panels 
consider a high transmission rate. 

 

  



 

 

Figure. S10.  Significance levels of the Partial Rank Correlation Coefficient (PRCC, 
depicted in Fig 6) for each parameter from the global sensitivity analyses based on our 
model, including the results for the (A) unvaccinated, and (B) vaccinated infected, 
symptomatic individuals. Visible bars where P > 0.05 denotes that the parameter was not 
significantly correlated with the said sub-population in the mathematical model.  

  



 

Figure. S11.  Global sensitivity analyses of the parameters correlated with the 
unvaccinated, infected asymptomatic individuals in the mathematical model, including the 
(A) PRCC and (B) P value of each parameter. In the top panel, a positive PRCC indicates 
an increase in the parameters is correlated with an increase of the said sub-population, and a 
negative PRCC vice versa. In the bottom panel, parameters showing visible bars where P > 
0.05 denotes that it was not significantly correlated with the said sub-population in the 
mathematical model. 

 

  



 

Figure. S12.  Global sensitivity analyses of the parameters correlated with the partially 
vaccinated individuals (one dose) in the mathematical model, including the (A) PRCC and 
(B) P value of each parameter. In the top panel, a positive PRCC indicates an increase in 
the parameters is correlated with an increase of the said sub-population, and a negative 
PRCC vice versa. In the bottom panel, parameters showing visible bars where P > 0.05 
denotes that it was not significantly correlated with the said sub-population in the 
mathematical model. 

  



 

Figure. S13.  Global sensitivity analyses of the parameters correlated with the fully 
vaccinated individuals (two doses) in the mathematical model, including the (A) PRCC and 
(B) P value of each parameter. In the top panel, a positive PRCC indicates an increase in 
the parameters is correlated with an increase of the said sub-population, and a negative 
PRCC vice versa. In the bottom panel, parameters showing visible bars where P > 0.05 
denotes that it was not significantly correlated with the said sub-population in the 
mathematical model. 

  



Table S1. Parameters used in the simulation of our mathematical model. Some parameters 
were fitted from data and the other were directly retrieved from the literature, including 
real-world studies and clinical trials.  

Parameter Meaning Value  Goodness of 
fit of 95% 
Confidence 
Interval 

Source 

𝜀  All or nothing 
of the vaccine 

0.0862 
 

(0.0765-
0.0959) 

 2 

𝜌 Vaccination rate Variable  Fitted from data 
𝛽  Symptomatic 

infection rate 
0.557 (0.4456-

0.6684) 
Fitted from data 

𝛽  Asymptomatic 
infection rate 

0.08 (0.076-0.114) Fitted from data 

𝛼 Waning rate of 
the vaccine 

0.05555 or 
1 180 6 𝑚𝑜𝑛𝑡ℎ𝑠⁄  
 

(0.011-0.0037) Approximated 
(1) 

𝜀  Vaccine 
effectiveness for 
one dose against 
symptomatic 
infection 

0.35 (0.22-0.4)  2 

𝜀  Vaccine 
effectiveness for 
two doses for 
symptomatic 
infection 

0.59 (0.5-0.78)  2 

𝜀  Vaccine 
effectiveness for 
one dose against 
asymptomatic 
infection 

0.30 (0.22-0.64)  2 

𝜀  Vaccine 
effectiveness for 
two doses 
against 
asymptomatic 
infection 

0.49 (0.45-0.64)  2 

𝑤 Latent period 
for individuals 
infected with 
delta variant 

0.25 or 1 4  Fixed 3 

𝛾 Recovery rate 
of individuals 

0.037 (0.0067-
0.0673) 

Fitted from data 



𝛿  Death rate from 
unvaccinated 
individuals 

0.0019 
 

(0.00152
0.00228  
 

Fitted from data 

𝛿  Death rate from 
vaccinated 
individuals 

1.9456 ∗ 10  
 

(1.5564 ∗
10 , 2.3347 ∗
10 ) 
 

Approximated 
(4) 

𝑝  Proportion of 
symptomatic 
individuals of 
delta variant  

0.12 Fixed  Approximated  
(7) 

𝑝  Proportion of 
symptomatic 
vaccinated 
individuals.  

0.09 Fixed Approximated  
(2) 

𝜂 Recovered 
individuals that 
get infected 
with the delta 
variant 

0.0027 Fixed  Approximated 
(5-6) 

𝜆 Time between 
first and second 
dose 

0.0476 Fixed  7 

𝜇  Relative 
transmission of 
one-dose 
vaccinated 
individuals 

0.94 (0.84-1.02) 8 

𝜇  Relative 
transmission of 
a two-dose 
vaccinated 
individuals 

0.73 (0.59-0.9) 8 



Table S2. Average value of the vaccination rate in the ranges of dates where vaccine 
rollout was carried in the US. 

Date ranges Average value of 𝝆 𝒕  

13th December-31st December 
0.0044331 

 

January 1st-January 31st 
0.008557 

 

February 1st -February 28th 
0.10235714 
 

1st of March-31st of March 
0.123516 
 

1st of April-30th of April 
0.10308 
 

1st of May- 31st of May 
0.1421 
 

1st of June-30th of June 
0.1519 
 

1st of July – 31st of July 
0.0523 
 

1st of August – 31th of August  
0.1241 
 

1st of September-30th of September 
0.1119 
 

1st of October-31st of October 
0.1613 
 

> of 1st of November 
0.05 
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