Supplementary Material

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

Let it be:

t - a time from the start point of calculations;

v-immunity level (generally continuous, but really used 0 or 1 values in this version of the model);
T - the residence time at some stage of the disease;

N(t) - population;

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

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

S v,t) - non-infected sensitive individuals, contacted with infected ones, detected and observed or
isolated;

S.us(V,t) - non-infected sensitive individuals, displaying primary nonspecific disease symptoms detected
and observed or isolated (suspects);

S.({;t) - non-infected sensitive persons during establishment of immunity after vaccination v: 0-»1, with
the residence time at this stage t;

L(v,5,t) - persons in a latent stage;

L(v,T,t) - persons in a latent stage, detected and observed or isolated as contacts;
L.V, 5, t) - suspected persons in a latent stage, detected and observed or isolated;
L,({,t) - persons in a latent stage during establishment of immunity after vaccination
P(v,t,t) - persons in the second stage of disease (usually, prodromal stage), not detected;

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

I(v,t,t) - persons in the final stage of disease, not detected, displaying a severe form of disease;
I(v,T,t) - persons in the final stage of disease, not detected, displaying a mild form of disease;

Iin(v,T,t) - persons in the final stage of disease, which are observed or isolated, displaying a severe form
of disease;

li(v,T,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 = a(t) - k(t) xV(t). (1)
Here

a(t) = Z([(Jy( Oxlg(1T,t) dT + [A4( L T)XPL(KT,t)xdT)Xd V) + @ft) - (2)
recharge rates of infectious pool from all sources: A4(¥,T) and y4(¥,7) - infectivity of ill persons of g-

classes (patients in prodromal and hemorrhagic stages, which are not isolated); ¢ft) is a possible
completion of the pool from some external sources.

In all equations £ means the summation over all relevant g-classes.

Processes of infection can be in general described as



dS,(%t)/dt = -I(t)xBo VIXV(t)xS(1,1)
dL,(1,0,t)/dt = I(t)xBy(VxV(t)xS,(1,t)

dScon(V,t)/dt = exI(t)xBg( IXV(t)xSy( ;1) (3)
Here B4(1) - a sensitivity to infection of g-class persons (including contacts, suspects, and so on), It) is a
reduction quarantine factor, ¢ - an average number of contact persons for each the infected.
Convalescence is defined by simple expressions of the form

dR(t)/dt = Z([(J pa( v O)XI4( T, t)xdT)xd 1)
dly(vT,t)/dt = -pa( 1, T)xIg(T L) (4)

Similar relations are given for mortality

dD(t)/dt = Z(J ([ 84(vt)xIo( v, t)xdt)xd W+E(J ([ 84(1,T)xP4( 1T, t)xdT)xd 1)
dPy(1,T,t)/dt = -8,(1,T)xPy(V,T,1)
dig(vT,t)/dt = -84(1,T)x1(VT,1) (5)

Let Ug(w1,t) is a number of infected persons, which come t days to the stage of disease, and
o,4(Vv,T) 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:

U, (vT,t)/0t +0U, (1, T,t)/0t = -0,( ¥, T)xU,( v T,t) (6)
where U,(1,1,t0) = UO,(v;1) is the initial condition.

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

duU’,(1,0,t)/dt = Inq(v,t)qu( v T, t)xdt

dUg(vT,t)/dt = - (1, T)xUy( 1 T,1) (7)
Here m,(v,1) is transition function from the previous to the next stage for g-class individuals.

Detection of ill, contact or suspected persons with following isolation or observation can be written as
dU;p(vT,t)/dt = X (v T,t)xUg(vT,)

qu( V;t:t)/dt =- Xq( V,T,t)XUq( vTt) (8)
Here U,(v,1,t) — g-class of persons who have not been detected, U,{v,1,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 v< v ,e. Then

dSy(V< Vinawt)/dt = q_vac(t)XSe( V< Virawt)/ 2 SoV < Vinan t)xd v

dSv,(0,t)/dt=[S,(V'< Vimayt)xdv

ASV(Z, 1)/07 +dSv(T, 1)/0t = - 6_vac,({)xSv({ t)

dSq(m,0/dt = [5_vacg(QxSvq(g, 1) )

Here 6_vacy({) is a function of establishment of immunity for g-class in dependence of {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, Ry 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 2-14
initial stage => haemorrhagic stage 5-7
recovery 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
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8, Se - Uninfected persons susceptible to infection: honimmune and immune;

Sk, Sek - Detected and observed/isolated contacts : nonimmune and immune;

8v - Uninfected persons during establishment of immunity after vaccination;

E, Ee, Er, Ev - Infected persons in a latent stage: nonimmune , immune, observed/isolated and vaccinees;

P, Pe, Pr - Infected persons in the second stage of disease (usually, prodromal stage), honimmune, immune and
observed/isolated,;

I, le, Ir - Infected persons in the final stage of disease : nonimmune , immune and observed/isolated (displaying a mild or
a severe form of disease);

R - The persons that have recovered ;

F - Those who died of disease;

Inf - “infection stress” (intensity of infection).

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.



\ State Research Center of Virology and i
/ \" Biotechnology Vector (SRC VB Vector) Pycckas Bepcus

Predicting scenarios for development of local epidemics

(outbreaks)
Prepared by: You may input an unigue session name to avoid conflicts with other users.
TIeparec Oy: Please, use letters and digits only. common |
Bachinsky A.G. [ ®*
Niolanko IR EH If you wan't remove your session, please input its name common |

For modeling, you need to:

1. Select infection: |evoia Haemorrhagic Fever v

(after the first step, default values of all parameters are set the for pathogen selected)
2.Input/editing of parameters

Computation

I Select day to start computation (1-100) I 1 |

Computation of typical scenarios | Novosibirsk Region v | Accept

Help
User’s guide

SUPPLEMENTARY FIGURE 2: The screenshot of the website main page



