570

575

580

585

Supplementary materials (SM)

Contents

A Equation systems
A.1 Epidemiology . . . . . . . ..

A2 Price equation . . . . . . . ..

B Stationary dynamics
B.1 Endemic equilibrium . . . . .. ..o
B.2 Stationary total population size approximation foraw 21 . . . . . . .. ... .. ..

B.3 Stationary total population size approximation fora=1 . . . . . . ... ... ...

C Reproduction number derivation
C.1 General reproduction number . . . . . . .. ..o
C.2 Basic reproduction number . . . . . .. ..o

C.3 Relative reproduction number . . . . . . . . ...

D Evolutionary analysis of virulence
D.1 Virulence effect on basic reproduction number . . . . . . . . ... ...
D.2 Minimum spreadable CFR approximation . . . .. .. .. ... ... ... .....
D.3 Virulence effect on stationary densities . . . . . . . .. ... oL
D.4 Virulence selection gradient . . . . . . . ... oo

D.5 Evolutionary attracting virulence estimation . . . . . . . . .. ... ... ... ...

E Sensitivity analysis

10

10

12

12

14

15

15

17

20



so F Application of the Price equation
G Numerical simulations

H Virulence and transmission routes

A Equation systems

A.1 Epidemiology

The epidemiological dynamics are governed by the following set of ODEs:

S A (wt A+ 6oD+ ) S
(f = <5II+5DD+5C§>S—WE,
(jé:wE—vl,

(zlt):ozﬁvl—eD,
C(lif:(l—a)yf—a(;',
(gj:aC—uR,

23

26

29

(Sla)
(S1b)
(Slc)
(S1d)
(Sle)

(S1f)

ss where N := S+ E + I + C + R is the total living population size, which varies with time. Notice

that since life expectancy is several orders of magnitudes greater than the latency, the symptomatic

and the convalescent periods, mortality rate p can be neglected when summed with w, v or o.
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A.2 Price equation

The dynamics of the populations of interest are described by 4n + 1 ODEs, for all i € {1,...,n}:

ds "
Fri A=Y (Brili+ BpiDi — 1) S, (S2a)
i=1
dE;
1 (Brili + BpiDi) S — wi B, (S2b)
d/;
= wiB; — 7l 2
dt Wi L4 Yidis (S C)
dD;

Y — Oy I — e D 2d
dt al ’)/’L 7 51 (2 (S )
dc;

T (1 — ) vili — 0:C;. (S2e)

The total density of each compartment is denoted by a bullet index (e) and its dynamics satisfy

ds — I —0D

E:)\—(ﬁf I.+Bp Du—pi) S, (S3a)
dEo ——] —D _E

5 = (61 I. + Bp D.) S — o”E,, (S3b)
. .,

ar =w'Lk, v ]oa (S3C>
b, _ oay'I, — 2" D,, (S3d)
dt

di’ =751, —av'1, — 7" D,, (S3e)

where the bars indicate average values and the superscripts indicate the compartment in which
the trait is averaged. We can already notice that the CFR and the rate at which the infectious
period ends are difficult to disentangle in this system because we have second order terms (i.e. an

average of the product a;7;).



B Stationary dynamics

B.1 Endemic equilibrium

es At equilibrium, all time derivatives of system (S1) cancel out. If we denote by H the corresponding

value of density H at this equilibrium, we get S = Sy = % and E=1=D=C =R =0 for the
disease free equilibrium (DFE).

The endemic equilibrium (EE), on the other hand, is found by assuming non zero values for all

H. We thus first get that,

D _) = D=2O]=of
&€ 3

(S4)
dc

dt o o ’

df — ) «—= R=2C=102F
o
Hence,

dFE - — O\ - -
—_—= I D — —wk =
& 0 <— (5[ + Bp +BCN> S —w 0,

— (@wm 5, 50“‘9)“’@) §_wE—o.
y € olN
-1
<:>§:<@+“95D+“‘?250> | (s5)
i € olN




and

~ _ C\ -
e _ . T+ 60D+ o= 5=
I 0= A <M+5l + Bp +BCN>5 0,

W ~ abw ~ l—0)w~ A
<:>M+5]7E+/BD€E+BC()

— EZT,
oN S
wE A _
g 5 "
:)E:)\_W“S. (S6)

It follows that

+(1—a)w+(1—a)w> ~

e
5+<i+i+<i+i>u-@>@-u®. (S7)

610 By combining (S5) and (S7), we can find the exact solution for N. This closed form is excessively

large and therefore not shown here. It is however possible to find a approximation of N as a simple

function of the model’s parameters with some simplifications that are shown hereafter, with a

particular treatment of the o = 1 case.

B.2 Stationary total population size approximation for a # 1

as In this subsection, we assume that o < 1 (the case where ae = 1 is treated in the next subsection).

Given that life expectancy is several orders of magnitude greater than the convalescent period,

; 1 1
e >, we have



Furthermore, since life expectancy is also several orders of magnitude greater than the latency

and symptomatic period, i.e. i > % + %, and since a # 1, we finally have

N@g—l—(l—a)(&)—g),

N~ (1—a)S+as. (S8)

The virulence of EBOV is usually high and its sexual transmission low compared to the two
other transmission route (Abbate et al., 2016), which is why we can approximate S by its value

20 by neglecting the third term in equation (S5), which leads to

Sm— 1 59
=51 + ar0p (59)
This then results in
~ aye
Na(l-a)Sy+ —20 310
=) St 3By (510)

Numerical comparisons performed on positive and stable equilibria for realistic parameter sets
show that this approximation differs from the exact value by less than 10,000 individuals, which

corresponds to a relative error of less than 1%, thus validating the accuracy of this approximation.

o B.3 Stationary total population size approximation for a =1

Here we assume that « = 1 (notice that in this case the trade-off exponent p vanishes).

We then get back to equation (S5) that becomes such that

a_ (B 080\ _ 7
S_<7+ 6) " e +406p’



630

which shows that the exact value of S coincides with its equation (S9) approximation for a = 1.

As for equation (S7), we get

it is straightforward to show numerically (using parameters from Table 1) that, since S and ﬁ =50
are of the same order of magnitude and that, as already mentioned, life expectancy is several orders
of magnitude greater than the latency and symptomatic period, i.e. i > %+ %, which is equivalent
to (7:7:;)“ < 1, we have

— ~ ye
Na§——1° S11
2B+ 05 (511)

which shows the consistency of equation (S10) even for a = 1.

This approximation shows a relative error of about 10~2 with Table 1 parameters values.



= C Reproduction number derivation

The basic reproduction number, R, and the relative reproduction number, R, are two epidemi-
ological quantifications of the invasion potential of an infectious agent in a fully susceptible pop-
ulation and in an population already infected by an alternative strain, respectively. They emerge
from the stability analysis of the disease free equilibrium (DFE) and the endemic equilibrium (EE)

s0 respectively. Their threshold value is 1.
The next-generation method (Diekmann et al., 1990; Hurford et al., 2010) is the most efficient

derivation of these reproduction numbers and proceeds as follows.

C.1 General reproduction number

First, we isolate the ODEs of the infected compartments from the rest of the system (here system
s (S1)) to obtain

4 — (B +BpD + o) S - wE,

4 =wE-—l,

(S12)

% =abfyl —eD,

I =1-a)yl —oC.

Second, we write the Jacobian matrix J that corresponds to this sub-system (S27), by de-

riving each time-derivative (%, %, %, %) with respect to each infected compartment density



(E,1,D,C):

—BoSE —w (Br+Posz)S BoS (1-5)Ben
w —y 0 0
J = ,
0 a~yl — 0
0 (1—a)y 0 —0

reminding that N =S+ FE+ 1+ R+ C.

650 Third, we arbitrarily decompose J as a sum of an ‘inflow’ matrix F and an ‘outflow’ matrix —V
provided that V is non-singular (that is V™! exists), F and V™! are non-negative elementwise and
the real parts of all eigenvalues of —V are negative. Here, we conveniently choose two matrices

that fulfil these requirements:

0 (Br+Bcs)S BpS Po —BeSE-w 0 0 B
0 0 0 0 w —y 0 0
F = and V =
0 0 0 0 0 avd  —= 0
0 0 0 0 0 (I—a)y 0 —0

Finally, the general reproductive number R is given by the largest modulus of all eigenvalues

ess of the F.V~! matrix. Elementary calculations result in the following general result

(1 —a)vebe + (eBr + ayBp) N)wSN

(70 BcCS + (1 — a) vBcCS (BeC'S + N2y) o) w) e (S13)

R:




C.2 Basic reproduction number

The basic reproduction number Ry is obtained from R by setting the densities to their values at

the disease free equilibrium (DFE), namely S = N = ﬁ and C' = 0, hence

Ro = <BI + OéQBD> SO + m) (814)
v € o

Any strain introduced in a fully susceptible host population spreads if and only if R > 1.

« C.3 Relative reproduction number

As for the relative reproduction number R,,, it is obtained from R by setting the densities to
their values at an alternative strain endemic equilibrium (EE), namely S = S,N=Nand C=0
(notice that in such setting N = S+ R+ E, + I, + C; + E 4+ I + C where the r index denotes
compartments of individuals infected by the previously established (‘resident’), which may not be

s empty at EE, making S < N ), hence

Ry = <BI+ affBp I (1—04)5C> g
Y € oN

It follows that a rare mutant strain of CFR x that appears in a host population endemically

infected by a resident strain of CFR y spreads and persists if and only if

_ (Bi(x) 20Bp(x)  (1—=x)Bc ()
R (x,y) = < S + 6 + aﬁ(y) ) S(y) > 1. (S15)

10



Moreover, it is possible to eliminate S (y) using equation (S5), leading to

Br(x) + x0Bp(x) + (1—xlﬂc(x)

R € oN(y)
R(@y) = 5 4 vBp(y) | (=y)fcly) (816)
ol € oN(y)

This formula shows in particular that, because of the two occurrences of N (y), the relative
s0 reproduction number is not the ratio between the two basic reproduction numbers, as it is in

simpler models (Dieckmann, 2002).

We can finally apply approximation (S10) N(y) ~ (1—y)Sy + WE?;WD@ to obtain a

closed-form expression for R (z,y) (not shown here).

11



D Evolutionary analysis of virulence

o5 Investigating the evolutionary trends require to consider trade-offs. From now on, we will then
always apply the transmission-virulence trade-off assumed in equation (2) and keep in mind that

the By constant case can be retrieved if p = 0.

D.1 Virulence effect on basic reproduction number

It is worth noticing that unless p = 0, we have Ry = 0 when aw = 0. Therefore not all CFR /virulence
levels are able to give rise to an epidemic and persist in the population. Indeed, Ry () may not
be greater than 1 for all o € [0;1]. First, let us then study how R, is affected by «, by calculating

its derivative

- ((

which cancels only if & =0 or

be 4 b1So
a=q +9b;SO x —— = a,
oo 1+
bic_GbD
0 which lies in ]0, 1] if and only if 0 < U;I;CSO ~ 2.3% and p < "?Jrig%; = 5.6-107% (numerical values

are given according to Table 1 calibration). If these conditions are not fulfilled, then dRy/d« is

positive for all CFR.

12



Given these conditions, the value of a® can be approximated by

o O'b[SO
050 ~be p:

The basic reproduction number at this value is

1 o p
Ro (a°) = ((bl + O‘if”) 5o+ 19 bc) (Ub[sop) & beo

g o vbe g

s which is a maximum on |0, 1[ (inequality djfgo (a®) < 0 has been checked after calculations not
shown).

Besides, evaluating Ry for a =1 leads to

by 6b brS
Ro(l):<1—|— D) > 2190

y €
the lower bound being greater than one according to Table 1 estimates, and this holds even with
almost half of the b; value and smaller values of ~.

690 To conclude, for any given values of p and 6, there is always a CFR interval [ay,, 1] in which

any strain can spread.

Notice also that for « = 0 and p = 0,

_ biSo, bo  biSo

v ooy

Ro

and likewise this is greater than one for estimated parameters. Consequently, all CFR values can

s spread in absence of trade-off.

13



D.2 Minimum spreadable CFR approximation

Omin € [0, 1] is the minimum CFR of EBOV required to spread, i.e. Ro (aumin) = 1. However, it is
not possible to find the exact closed form of oy, (as the equation R () = 1 involves irreducible
terms of both z? and x). It is nonetheless possible to analytically find a lower bound for aup,,

70 which we denote by a_ (0 < a_ < ap, < 1). First, notice that

R o (ij N aefD> - <1—:>50 < (if N 9?) S+ ic —Ros (), (SI7)

where Ry () is an over-estimate of Ry (). Applying the trade-off from equation (2), we get

b 0b b
Ro (o) = <<VI + ;’) So + ;) .

Let a— be the CFR such that Ry (a—) = 1, that is

a = <<bf+%D> So+bc> " (S18)
v £ o

From equation (S17) and as Ry and R are increasing functions of «, it follows that
RO (O[_) < RO,+ (Oé_) =1= 7?’0 (amin) < RO,+ (amin) s

thus a_ is an analytical under-estimate of auyiy.

705 Notice that in absence of trade-off, the closed form a,,;, can be easily found as

1 — bSe _ bc
SR (S19)

Omin = 0bpSo _ b
€ o

14
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D.3 Virulence effect on stationary densities

From now one, we will assume that « € [y, 1].

We apply definition from equation (2) to equation (S9), that is

S & e
(ebr +v0bpar) P’

Its derivative with respect to « is

a5
do

(v0bpa + p (b + vbpa)) yeaP™?

5 < 0.
(Eb[ + ’}/ebDOZ)

() & —

Thus, it comes from equation (S8), that

dN S ds
4 (@) ==S+5(a)+ag-(a).

Since S (o) < Sp for a > i (any EBOV strain that spreads decreases the number of suscep-

tible individuals), 4 (a) < 0, that is N (@) is a decreasing function of o, we have

)= —7""—-—.
) Eb] +”)/9bD

D.4 Virulence selection gradient

We can finally investigate the virulence selection gradient, A, by deriving the relative reproduction
number from equation (S16) with respect to the first argument (7.e. the mutant’s virulence), which

leads to 0;R, and equalizing the mutant and resident’s virulence. After some calculations, we find

15



that

A(y) =R (y,y) =2 - ; '
(v) (v 9) y+<1_y)lf+(;+9?3y)N(y)

Since the CFR is bounded by 1, it is expected to evolve towards lower values if and only if
A (1) <0, that is
0bpy be

A)mps 007 _be
W ~p+ o, o

720 By investigating burial control under the most favourable trade-off, which is no trade-off (p = 0),

we find that this condition is equivalent to (for be < 0):

By investigating trade-off shape under the most favourable burial control (6 = 0), we find that
the condition is equivalent to

b
p< <102
o

Moreover, investigating the selection gradient at the lowest spreadable CFR y = ayyi,, we notice

75 that the following lower bound

meR (1) - b
A (amin) Z £ -
(]- - amin) bf + (% + %?Damm> N (1)

b[bca

P Therefore a necessary condition for having a negative selection gradient on

is positive if § >

the lowest spreadable CFRs is 6 < b#’—f;

16
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D.5 Evolutionary attracting virulence estimation

Unless it is equal to the 0 or 1 boundaries (the determination of which only requires the invariant
sign of the selection gradient), the evolutionary attracting virulence o* is an intermediate CFR
value in |0, 1] such that A (a*) = 0 (singularity condition), 01 1R (a*, a*) < 0 (evolutionary stability
condition) and 92 (a*) < 0 (convergent stability condition), according to the adaptive dynamics
framework (Geritz et al., 1998). We therefore investigate the singularity condition that provides
an equation o* has to satisfy.

By writing the selection gradient under a condensed form and defining n = %’, ¢ =1L ¢ = %C,

we find that
AC(*:£ 9¢N<04*)_¢ _ _
@) o (L= a6t (1 + Boar) N (o) >
= (p—1+p a’)y+(pn+(p+a*)is) N (o) =0. (S20)

As noticed in the previous subsection, this equation has a solution only if p is small enough (for
the first term to be negative) and 6 is small enough (for the second term not to be too positive).
Hereafter, and because we are seeking for an intermediate evolutionary attracting virulence, we
assume that p and 6 are small enough such that this equation has a solution in ]0, 1].

The complexity of N (a*) prevents us from having a closed-form expression of a*. However, a*
can be bounded by an underestimate a* on the one hand, and an overestimate o’ on the other
hand.

First, notice that the left hand side of equation (S20) has the following upper bound, replacing

N(a*) by its maximum Sy = ﬁ,

17
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(p— (A +p)a”)+ (pn+ (p+ ) 0¢) So,

which cancels out only if a* is replaced by a greater value we denote by o (since the first term is

a decreasing function of the CFR). This leads to

. ((0+00)S+)p o)

ST M) v —09S,

Notice that o > 0 requires that ¢ (1 4 p) > 8¢Sy that is 6 small.
Second and analogously, the left hand side of equation (S20) has the following lower bound,

replacing N (o*) by its minimum N (1) = m,

pn+ (p+a*)0e
n+0¢ ’

(p—(1+p)a’)d+

which cancels out only if o* is replaced by a smaller value we denote a* (since the first term is a

decreasing function of the CFR). This leads to

. (d+9y)p
047—(1+p) _nii(g(b. (S522)

b

Q>‘Q )

Notice that o < 1 requires that p < ¢y — 22 Since % = 1072, the approximations 1 4+ ¢ ~ 1

n+0¢°

and 1 + p ~ 1 holds, which makes this expression even simpler:

p
i T I

n+0¢

which in turn is positive only if < (1%)) 5~ % Therefore, the two conditions on p and 6 related

to the cancellation of A are retrieved.

18
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10g,5(p)
T0g,,(0)

1 1 1 1 L L L L 1 L L L L L 1 1
-3.0 -25 -2.0 -15 -3.0 -2.8 -2.6 -2.4 -2.2 -2.0 -1.8

log,4(6) log,,(6)

Figure S1: Boundaries of the evolutionary attracting values of CFR.
Underestimate (o* , left) and the overestimate (a7, right) values of the evolutionary attractor
a* as a function of unsafe burial ratio # and trade-off exponent p. The solid, the dashed and the

dotted lines correspond to a* = 1,0.7 and 0.3 respectively. Other parameter values are default
(Table 1).

As one can see by comparing Figure S1 with Figure 3, o’ but moreover o are accurate

estimates of a*.

19
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E Sensitivity analysis

For the sake of both generality and graphical readability, we reduced the dimensionality of the

parameter space by defining:
17::776::7.*’/{::7.— (823)

where 7 is the average number of infectious contacts between one susceptible and one symptomatic
individual over the symptomatic individual’s symptomatic period, ¢ is the ratio between the equiv-
alent of n for dead bodies and 7 itself, and & is the ratio between the equivalent of 1 for convalescent
individuals and 7 itself. Quantity 1 is equal to the symptomatic individual relative (that is nor-
malised by Sy) contribution to the basic reproduction number, and is used for defining both ¢ and
k. Therefore, 1 is a primary scaling factor that can be eliminated through any estimated value of
the Ry. 6 and x are secondary scaling factors that can be studied independently.

First, the basic reproduction number can be rewritten using definitions (S23),
Ro = ((1+ abd) Sy + (1 — a) k) nar.

Therefore, any given a set of estimated epidemiological data (&, é, S\’O, 7/3\0) can be used to scale

1, while keeping undetermined the trade-off exponent p, that is to say

Roa™?

"= (1+a68) So+ (1—a)r

(S24)

20



770 Rewriting the selection gradient at o = 1 with definitions (S23),

05
A apt —20
(1) Pt ires

and imputing estimated data with equation (S24),

05 Rod Pk
1405 (1+a00)So+(1—a)k

Al)~p+
we find that

A(1) <0< ((1+08)p+00) ((1+a08) So+ (1 - @) k) < (1+06) RGPk,

— ((1+ 05)p + 66) (1 + aé(s) So < ((1 +08)Roa ™ — ((1+68)p+05) (1 — a)) K.

Further investigation requires to study the inequality

— 06
> A\ AP

Elementary calculus then shows that for any couple (p, @) € R, x [0, 1], we have the following

upper bound

(220
b0 _aVap < _ayap <
<p+1+05> (I-a)a? < (p+1)(1—a)a? <1,

775 By definition, epidemiological data originate from outbreaks for which Ro > 1, therefore we

get the inequality used to plot our figure

A <0 s ((itea)pwa)(uae(s) .
So (14 68)Roa—" — ((1+08)p+06) (1 —a)

(S25)

21



with values @ = 0.7, 0 = 0.25, §0 = 4.44444 - 10% and 7/2\0 € [1.26,2.53], according to reference
(World Health Organization Ebola Response Team, 2014; Nyenswah et al., 2016; Abbate et al.,

2016) respectively.

22



«» F Application of the Price equation

Introducing a diversity of n € N* non-coinfecting strains of EBOV, system (S1) becomes a set of

4n + 1 ordinary differential equations, where for all i € {1,...,n},

% =A—uS =", (Brili + BpiDi + BciCi) S,

dcﬁi = (Bl,z‘]i + BD,z‘Di + BC,iCi) S — wiEi,

dr;

o =wilb — vl (826)

dD; _
@ = byl —eD;,

The total population size of each class, denoted by H, := > H;, therefore satisfies
i=1

& = XN—pS— (B L.+ Bp Du+BcCL) S,

e — (B L+ Bp Do+ fc Co) S —wPEL,

dls PR, — 1., (527)

d£. — 9@11. _ gDD.,

4% =71, —ay'l, — 5" D..

By definition, an average value of a trait z in a compartment H is given by 71 = 31" | xz%

785 If we assume that the trait value of a strain is constant and neglect mutational variance (i.e.

23



d(fti = 0), the dynamics of any trait = in the I compartment are thus given by

dz! " o1dl; I dI.)
YR Ty,

a 2<I.dt 2 dt

1 I,
= Z ( El 711) T - (wEEo '7][0) ﬁ Xy,
i=1 ° b
= Ez flz Eo i 7 7[i
= ;(wiE.—wI.> X; I —;(’YL—’YL x;,
Eo ~ Ez sz sz flz - [z
:.;;Gﬁa_wE;“ﬁa—wL>%—§¥v—ﬂ%L,
=1
d;; = (COVE (z,w) + (Z‘E — x]) wE) Ee covy (x,7), (528)

where cov indicates a genetic covariance between two traits, 0 is the average value of trait z in

host compartment X and Zg* is the average value of the product xy in the same compartment.

This illustrates that it might be difficult to disentangle a trait of interest  with the duration of
70 the latent period (1/w) if this latter trait varies for different virus genotypes.

Similarly, in the E' compartment we have

” 1 dFE;, FE;dE,
:§< at B2 dt )
ﬁ?(((m 482D+ G S — wiBy) o

((51 I.+89"D, + 5° C)S—wE.) §2>x

5. Z ((5{ I+ BPDi + B°C;) - </3I’1. + 877D, + BCCC.) g) x

S - H; H; ——HE;
_ Z H.Z( 1 )xi)—covE(a:,w),
1 (HE{I,D,C’} i=1 . H‘ L
dzf S —
o T E ( > (covH (x,Bu) + (TH — TE) 5HH> H.) — covg (z,w). (529)
* \He{I,D,C}

24



If we now focus on the dead hosts, we have

A’ §n(1dD DidDy)
i ~ =\bD,da Dzd )"
= ; ((041'9%11' —&D;) ;. - (904’711- —?D.) gé) X,
I, & D " D;
= 00— (Ozl%—(wf Ny =D (6 —E)wi—,
D.; D. ; D.
_ oLy L—} f[i_sz> N (e -
- o2 (g T T LT ) e
dzP I,
% = (COV[ (x,ay) + (T] —fD) 077]) QD. —covp (z,¢).
Finally, in the convalescent hosts, we have
dz¢ " i 1 dG, G
At Zl< dt 02>
- > (a Li— o)~ — (7" — @) L - 59C) 2 ) &
P 7 ? O. L] o Dg (2
_ £” B (! Ci) N (o — 5 2 &
_ Ly a4l G Iz‘_ffz‘) S (o,
B C;( ( GO R Sl Al 9 K L
dz® I Y o A S o
el U(covf(av,'y)—covl(a:,a”y)—i-(:E -7 )’y —(a: -7 ) 7)—00\70(1’,0

25
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G Numerical simulations

We explored 8 scenarios. For each, we assume that we have n = 100 EBOV strains. The standing
genetic variation for the CFR «; (i € {1,...n}) is drawn from a Gaussian distribution with mean
a = 0.7 and standard deviation ¢ = 0.1

We only explored positive correlations between CFR and transmissions rates, consistently with
our trade-off hypothesis. We also did not investigate correlations between CFR and post mortem
elimination rate because we assume that the period over which an unsafe buried body is still a
suitable environment for virion survival is independent from the initial number of virions. Finally,
we ignored convalescent-related variables received since this component of EBOV transmission is
much smaller than the others two.

The description of the 9 scenarios is as follows:

1. No genetic correlation between the CFR a and other traits (“all constant” panel, also shown

in the main text).

2. Addition of a negative correlation between « and the rate of end of latency period w.

3. Addition of a positive correlation between o and the transmission rates Sy (“+bH” panel)

that will be kept for the next six scenarios.

4. Addition of a positive correlation between a and the inverse of the latency period w (“4+bH+0”

panel).

5. Reversing the correlation between « and w (“+bH-O” panel).

6. positive correlations between o and g, a and w and « and the inverse of the symptomatic

period v (“+bH+O+G” panel)

26



7. positive correlations between v and Sy and between o and v, negative correlation between

815 a and w (“+bH-O+G” panel)

8. positive correlations between v and Sy and between a and w, negative correlation between

a and v (“+bH+0O-G” panel)

9. positive correlation between o and (g, negative correlations between o and w and between

a and v (“4+bH-O-G” panel)

820 Positively and negatively correlated traits were drawn according to the formulas x; = (Q% +(1-p) SZ) x

and z; = ((— (max (o) — @) & + max (@) — min (a)) a_m‘;n(a) +(1—0o) fi) T respectively, where Z

the estimated value of x = [g,w,~ according to Table 1, o = 0.5 denotes the strength of the

correlation and &; a Gaussian random variable with mean 1 and standard deviation ¢ = 0.1. Initial

conditions are given by S (0) = ﬁ ~ 4.4-10% ind and H; (0) = 1 ind for all i € {1,...,n} and all
s H=FEI1,D,C.

Results for 8 of the scenarios are shown in Figure S2 (scenario 2 is only shown in the main text

for space constraint reasons).
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Figure S2: Short-term evolution of CFR with standing genetic variation.
The CFR averaged over the exposed individuals (@) is depicted in cyan, over the symptomatic
individuals (@) in pink and over the infectious dead bodies (@”) in brown.
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H Virulence and transmission routes

We have showed that EBOV’ reproduction numbers can be split into three additive components
that correspond to each of the three transmission routes namely symptomatic (through regular
contact with symptomatic individuals), post mortem (through contact with unsafe buried infectious
dead bodies) and sexual (through sexual contact with convalescent individuals). According to our
trade-off assumption, the intensity of each of these components is modulated by virulence: both
symptomatic and post mortem components always increase with virulence while sexual component
is maximum for an intermediate virulence level (unless there is no trade-off, in which case the
symptomatic component is constant and the sexual component decreases with virulence), as in
Figure S3.

This come from the fact that virulence increases all transmission rates and infectious bodies
inflows, while decreasing the convalescent individuals inflow. Virulence then also acts as an invest-
ment cursor between the exclusive post mortem and sexual transmission routes. It thus appears
that the cost of virulence is strictly limited to loss in sexual transmission. Therefore, it is only if
the sexual component is the dominant route of the virus’ life cycle that this cost can really balances

with the overall transmission
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Figure S3: Relative variation of transmission route component intensity as a function
of virulence and trade-off shape.
Post mortem (left), symptomatic (middle), and sexual (right) transmission components as a func-
tion of virulence and trade-off shape (p = 0 in black, 0.05 in red, 0.5 in orange, 1 in blue and 2 in

green).
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