
Supplementary Material 
 

SUPPLEMENTARY DATA 1: Description of the model in continuous form. 
Let it be: 

t - a time from the start point of calculations; 

ν - immunity level (generally continuous, but really used 0 or 1 values in this version of the model); 

τ - the residence time at some stage of the disease; 

N(t) - population; 

S(ν,t) - non-infected sensitive individuals with the level of immunity ν; 

Scon(ν,t) - non-infected sensitive individuals, contacted with infected ones, not detected; 

Sc(ν,t) - non-infected sensitive individuals, contacted with infected ones, detected and observed or 
isolated; 

Ssus(ν,t) - non-infected sensitive individuals, displaying primary nonspecific disease symptoms detected 
and observed or isolated (suspects); 

Sv(ζ,t) - non-infected sensitive persons during establishment of immunity after vaccination ν: 0→1, with 
the residence time at this stage τ; 

L(ν,τ,t) - persons in a latent stage; 

Lc(ν,τ,t) - persons in a latent stage, detected and observed or isolated as contacts; 

Lsuc(ν,τ,t) - suspected persons in a latent stage, detected and observed or isolated; 

Lv(ζ,τ,t) - persons in a latent stage during establishment of immunity after vaccination 

P(ν,τ,t) - persons in the second stage of disease (usually, prodromal stage), not detected; 

Pi(ν,τ,t) - persons in the second stage of disease (usually, prodromal stage), detected and observed or 
isolated; 

Ih(ν,τ,t) - persons in the final stage of disease, not detected, displaying a severe form of disease; 

Il(ν,τ,t) - persons in the final stage of disease, not detected, displaying a mild form of disease; 

Iih(ν,τ,t) - persons in the final stage of disease, which are observed or isolated, displaying a severe form 
of disease; 

Iil(ν,τ,t) - persons in the final stage of disease, which are observed or isolated, displaying a mild form of 
disease; 

V(t) - “infection stress” (intensity of infection) because of a potential external infection source and/or 
infectivity of not isolated infected cases at the second and/or third stages of disease. 

Then 

 dV(t)/dt = α(t) - κ(t) ×V(t).                    (1) 

Here 

 α(t) = Σ(∫(∫γq(ν,τ)×Iq(ν,τ,t) dτ + ∫λq(ν,τ)×Pq(ν,τ,t)×dτ)×dν) + ϕ(t) -                            (2) 
recharge rates of infectious pool from all sources: λq(ν,τ) and γq(ν,τ) - infectivity of ill persons of q-
classes (patients in prodromal and hemorrhagic stages, which are not isolated); ϕ(t) is a possible 
completion of the pool from some external sources. 

 In all equations Σ means the summation over all relevant q-classes. 

 Processes of infection can be in general described as 



 dSq(ν,t)/dt = -l(t)×βq(ν)×V(t)×Sq(ν,t) 

 dLq(ν,0,t)/dt = l(t)×βq(ν)×V(t)×Sq(ν,t) 

 dSсon(ν,t)/dt = c×l(t)×βq(ν)×V(t)×Sq(ν,t)                                (3) 
Here βq(ν) - a sensitivity to infection of q-class persons (including contacts, suspects, and so on), l(t) is a 
reduction quarantine factor, c - an average number of contact persons for each the infected. 

Convalescence is defined by simple expressions of the form 

 dR(t)/dt = Σ(∫(∫ρq(ν,τ)×Iq(ν,τ,t)×dτ)×dν) 

 dIq(ν,τ,t)/dt = -ρq(ν,τ)×Iq(ν,τ,t)                                 (4) 

 Similar relations are given for mortality 

 dD(t)/dt = Σ(∫(∫δq(ν,τ)×Iq(ν,τ,t)×dτ)×dν)+Σ(∫(∫δq(ν,τ)×Pq(ν,τ,t)×dτ)×dν) 

 dPq(ν,τ,t)/dt = -δq(ν,τ)×Pq(ν,τ,t)  

 dIq(ν,τ,t)/dt = -δq(ν,τ)×Iq(ν,τ,t)                                 (5) 

 Let Uq(ν,τ,t) is a number of infected  persons, which come τ days to the stage of disease, and 
σq(ν,τ) is an integral function of "departure" from this stage due to the transition to the next stage, 
convalescence, death, hospitalization, etc. Then development of a stage of the disease can be written by 
the following equation: 

 ∂Uq(ν,τ,t)/∂τ +∂Uq(ν,τ,t)/∂t = -σq(ν,τ)×Uq(ν,τ,t)                               (6)   

where Uq(ν,τ,t0) = U0q(ν,τ) is the initial condition.  

 The transition from the previous (U) to the next stage of the disease (U ') can be written the 
following equation: 

 dU’q(ν,0,t)/dt = ∫πq(ν,τ)×Uq(ν,τ,t)×dτ  

 dUq(ν,τ,t)/dt = - πq(ν,τ)×Uq(ν,τ,t)                   (7) 
Here πq(ν,τ) is transition function from the previous to the next stage for q-class individuals. 

Detection of ill, contact or suspected persons with following isolation or observation can be written as 

 dUiq(ν,τ,t)/dt = χq(ν,τ,t)×Uq(ν,τ,t) 

 dUq(ν,τ,t)/dt = - χq(ν,τ,t)×Uq(ν,τ,t)                   (8) 
Here Uq(ν,τ,t) – q-class of persons who have not been detected, Uqi(ν,τ,t) – the relevant class of persons 
identified. 

Suppose that a vaccination program q_vac (t) is given, expressed in the daily number of 
vaccinated persons in the sensitive group with ν < ν max. Then 

 dSq(ν < ν max,t)/dt = q_vac(t)×Sq(ν < ν max,t)/Σ∫Sq(ν < ν max,t)×dν 

 dSvq(0,t)/dt=∫Sq(ν < νmax,t)×dν 

 ∂Svq(ζ, t)/∂ζ +∂Svq(ζ, t)/∂t = - δ_vacq(ζ)×Svq(ζ t) 

 dSq(νv,t)/dt = ∫δ_vacq(ζ)×Svq(ζ, t)dζ              (9) 

Here δ_vacq(ζ) is a function of establishment of immunity for q-class in dependence of ζ that is a time 
from the moment of vaccination. 

 

 
 



SUPPLEMENTARY TABLE 1: Main parameters characteristic for Ebola fever 

(Note that these parameters are of an evaluative character and may be adjusted by experts.) 

Parameters Value 

Mean number of persons infected by one patient, R0 2.5 

Maximum duration of latent stage (days) 14 

Maximum duration of initial stage (days) 7 

Maximum duration of haemorrhagic stage (days) 16 

Days while disease passes from one stage to the other: 
latent stage => initial stage 
initial stage => haemorrhagic stage 
recovery  

 
2-14 
5-7 

12-16 
Mean number of contacts per one infected person 3 

Rate of infectious activity in haemorrhagic stage,  (%) 70 

Ratio of infectious activity of immune to nonimmune, (%) 50 

Ratio of infectious activity of cases with mild to severe forms, (%)  20 

Rate of severe forms among nonimmune patients, (%) 90 

Rate of severe forms among immune patients, (%) 10 

Ratio of sensitivity to infection of immune persons relative to nonimmune, (%) 20 

Rate of infected contacts per day, (%) 20 

Mortality rate of nonimmune patients in initial stage, (%) 10 

Mortality rate of immune patients in initial stage, (%) 5 

Mortality rate of nonimmune patients with severe form in haemorrhagic stage, (%)  90 

Mortality rate of immune patients with severe form in haemorrhagic stage, (%) 10 

Mortality rate of immune patients with mild form in haemorrhagic stage, (%) 0.3 

Decrease in mortality rate of treated cases relative to untreated, (%)  80 

Observation duration for contacts (days) 21 

 



 

 
SUPPLEMENTARY FIGURE 1: Transitions between the main variables of the model, taking into 

account some countermeasures. 

In the stages marked by rectangles, the state of the infected people and transition probabilities to 
the next stage depends on the time stay in this stage ("age"). The states of the variables marked 
by circles are independent of time.



 
 

SUPPLEMENTARY FIGURE 2: The screenshot of the website main page 


