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Since I, = —“—T;, and letting v[\] = a1 [\] +

atd it follows from (3) that

. aq [A*] v [\] Qg a ol
R (mm Yo+ | D+ 0+ oL v2 0 ) S

and it can also be checked that Ro[A, A] = 1, which is biologically reasonable.

As defined in the main text, k¥ = -2 > 0 and 7 = ﬁ + L. Welet B, =k + w and

— [(ok(k=1)(v100+6)) /3] vat+o e B
By =k+ TULeot1—ko

Consider the inequality

((am k)= b2,y 5)) >0 (blb2 + k> <O‘1’° *+ (k= Drio = 5) , (1)

Cc1C2 C1Co 1+ TV1,0

which is a key determinant of evolutionary dynamics in our model (see Remark 1, Theorems 2, 3, and 4).
The evolutionary dynamics depend upon the value of the superinfection parameter (o), and the evolutionary
dynamics landscape, as a function of the transmission decay exponent (by) and the fully latent transmission

rate times the average lifespan (o o0/d), transitions as o varies. For the remainder of this section, we assume

that by > co. First, suppose that o < 17,;6, which implies that By < By. Then, if al(gx < Bs, there is a unique
ESS at zero latency. If By < 4= and (7) does not hold, there is at least one repellor that is a fitness minimum,

and leads to alternative stable states at zero and infinite latency (Theorems 2-3, Electronic Supplementary
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1,00

Material). This repellor is unique if = 22 > By (Theorem 3, Electronic Supplementary Material). Otherwise, if

(7) holds, then there is a local ESS at infinite latency, which is unique (Theorems 2-3, Electronic Supplementary
Material).

> 0 > 1’;5, which gives that By < Bs. If

Suppose the superinfection parameter is such that

1,00

s < By, there is again a unique ESS at zero latency (Theorems 2-3, Electronic Supplementary Material).

1+v1 0T
k

If B < O“T""’ < Ba, then there is at least one evolutionarily singular strategy that is convergence stable if (7)
does not hold (Theorem 3, Electronic Supplementary Material). Since this strategy is a fitness minimum and
is hence not evolutionarily stable, this attractor is a branching point and leads to mutual invasibility (Theorem
2, Electronic Supplementary Material). Otherwise, if (7) holds, there is a local ESS at zero latency (Theorem

100

3, Electronic Supplementary Material). If =5 > Bs and (7) does not hold, then there is at least one repellor

that is not evolutionarily stable, and there are alternative stable states at zero and infinite latency (Theorems
2-3, Electronic Supplementary Material). If (7) holds, then there is a unique ESS at infinite latency (Theorems
2-3, Electronic Supplementary Material).

Lastly, suppose that the superinfection is greater than HT%, which means that By < 0 < B (see

1,00

Remarks 3, 4). Then, there are two possible outcomes. If =% < By, then there is a unique ESS at zero latency

(Theorem 3, Electronic Supplementary Material). Otherwise, if “4>= > By and (7) holds, then there is a unique

branching point (Theorems 2-3, Electronic Supplementary Material). If alé“’ > By and (7) does not hold, then
there is a local ESS at zero latency along with possible other interior singular strategies (Theorem 3, Electronic

Supplementary Material).

The addition of infection stages

Suppose that there is a third stage, with force of infection 3 and recovery rate v3, and that hosts in this stage
can also superinfect hosts in the first stage. Here, for a unique stable unique endemic equilibrium if Ry > 1, we
assume either zero or complete immunity (4 = oo, and u = 0, respectively) [1,2]. Then, a similar process to

derive the basic reproduction number for a pathogen with mutant phenotype gives that

REIA, A7) = alN] _
V1[A] 46 + o(ar[A[11[A] + azla[A] + asl3[A])
11 [)\*] (%)
* M+ 6+ o(ar [N N + aolo[N] + asT3[A]) 2 + 6
vi[A'] va  ag N ~
+ ] 40+ o NLN + aslo[N + asl[\]) v2 + 0 vs + 6) (S[A] + oh[)\]) .

Letting k = k + oks oas, it follows that Y[A] = ai[A] + 14 [AJk and so

R([)3][)\7>\*] _ < al[A*L _ + Vl[)\*]]i _ > (S\P\] —|—0’f1[A]> )
ANV 40+ AT D]+ 6+ oA AR

Since k replaces k and this parameter is independent of latency, it follows that the qualitative evolutionary
dynamics of latency are the same in this model as in the model with only two stages, with k replacing k

in threshold values. Furthermore, the average time a host cannot get superinfected (7) is replaced by 7 =

1 Vo 1 vo U3 1
e R a7, Sy, f H 7w, Sy &

A similar observation holds if there exists an infection stage Iy previous to I; and Is with force of infection

ap and vy that cannot get superinfected. Then, the basic reproduction of an new mutant can be written as
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A* Ak o~ ~

RO N = [ 22 4 2O alM nVk (sm +011m) ,
vo+d0 v+ 0 \ M+ + oy NI v [N] 46 4 oy[ N[

which is a linear transformation on the dependence of A*, i.e. R[OO] A A*] = fIA] 4+ ¢Ro[A, A*], and thus the

qualitative dynamics do not change.

Evolutionary dynamics in the presence of coexistence

If a branching point exists, then by definition there is a region of mutual invasibility. If there is a region
where two types can coexist, then this section presents a framework to analyse the evolutionary dynamics after
branching. At such a coexistence region, if we denote type 1 with strategy A\; and type 2 with strategy A, then

the system follows the following set of coupled ordinary differential equations:

dsS
s 0 —(anohio+asloo+ar1lig+ aglsr)S — 05+ uRy + pRo,
dll,l
T (11011 +asla)(S+oli2) — (i +0) 11 —o(ar2]i9 + asla )] 1,
dl
th’l =vi1li1— (o +6)Iaq,
dR;
—— =l 1 — (0 R
g = el (0 4+ p)Ry,
dl o
TR (ol o+ asls2)(S+oli1) — (vip+0)12—o(on il + axls i) 2,
dl
d2t,2 =vi2l10— (2 +6)la2,
dR
d71£2 =valy 5 — (0 4 p)Ry.

If there exists an endemic equilibrium E= (§, fm, fg,l, El, fm, f2727 Eg) that is stable, then the question of

further mutation and evolution can be examined in the adaptive dynamics framework. If a mutant A, arises,

2 then letting oy ; = a1[\;] and v1; = 11[\] for ¢ = 1,2, the fractions infected with this mutant are

53

dli .,

c;t = (a1, mdl1,m +a2lom)(S+o(lig+12) — (1 +0) 1 ;m —o(ai 111 +aolon + i oli 2+ aols2) i m,
dl.

;t’m =vimdim — (V2 + )1 m.

Using the next-generation matrix [3,4], then

Ro[Am, A1, A2] = i [/\m]A — -
vi[Am] + 0 + oM+ asle 1 + aq[Aa]l12 + aols2)
+ _n [/\m]A _ _ Qo <§—|— U(fm + ﬁg)) ,
V1 Am] + 0+ o(aa[M]Tg + aolar +aq[Ao)l1 2+ aslz o) V2 F 4]

where -/fl,la ./7\172, 271,3’2 depend upon A; and As.
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If there is a stable coexistence equilibrium, we can follow the approach of Geritz et al. [5] to determine

the long-term evolutionary dynamics after branching. These can be determined by examining the signs of

Di(A\1,N\2) = gi‘i and Da(A1, ) = gfn‘z (this is because a rare mutant can only arise in either

Am=A1 Am=A2
the type 1 or type 2 direction, but not both).

Here,

v1[A1] (ea[A] + i [AdJR])
(1[M]+d+ 0(041[>\1ﬁ1,1 + azle + 041[)\2]1/:1,2 + 042162,2))2
i [Ai] + vi[AdJk
vi[M]+0+ 0(01[)\1]-?1,1 + 042-?2,1 + al[)\zﬁu + 0621:2,2)

Di(A1,A2) = <

) <§+ O'(fl,l + E2)) .

Note that by symmetry, Da(A1, A2) = D1(A2, A\1). Next, we note that by > ¢o when there is a branching point,

and we use an argument similar to that of Theorem 2 to prove the following result.

Theorem 1. Suppose that there exists a branching point (so by > c3), and that there is a unique stable
coexistence equilibrium. If there is a A;-isocline such that D;(A1,A\2) = 0, then it follows that it is a local
minimum. Thus, if there exists an evolutionarily singular coalition (/):17/):2) such that Dl(Xl,Xg) = 0 and

Dy (/):1,/):2) =0, then it is evolutionarily unstable.

Proof. The proof follows from an analogous argument to the proof of Theorem 2 and noting that

> 0.
Am=X\;

a BRO[Ama)\la)\Q]
O O

Analysis for theorems and remarks in main text

First, as specified in the main text, we assume that k = > 1, i.e. the number of new infections that a

Vo +6
fully symptomatic individual (in I5) would have in a naive population is greater than one, which is biologically

feasible. As in Expanded Results, Electronic Supplementary Material, y[\] = a1 [A] + vi[A]k.

Taking the partial derivative of Ro[\, A*] in (6) with respect to the mutant phenotype A* gives

- Al IR (S 40T, AN+ UV gy
e~ e T n 7o TN ) (SN+oT[A]) + - T - (SI+ahi).
Setting D[A] = 87/\2,9 = 0, multiplying by (v1[\] + 07| )\]fl[ A] + 6)2 and rearranging gives

A*=A

0 = oy[N L[N () [N] + vi[AE) + [N + V) [AkS — vi[Nai[A] + va [N [N

Substituting the value of I1[A] and y[\], multiplying by 1 + 711 [\] where 7 = 2= gives that

V2+5 + u+6 uz+

0= o ([N + Vi [NJE) (ar [N] + i [AJk — 21 [A] = 8) + a4 [N]6 + 7o [\ [A]6 + 0/ [\]k§
+ A ARG — vi[Aen [N = 7o [N M e [A] + va [N [A] + moa A [Nl [A]



Substituting oy [A] = bre ™2 + 01,00 and vi[A] = cre A 4 V1,00 into this equation and rearranging, we obtain
Aoe—)\(202+b2) + Ale—A(sz) + A26—>\(202) + Age—k(bg-ﬁ—(:g) + A4e—)\b2 + ASe—AQ —=0. (8)

Here, the coefficients are

Ay = 73by(cy — by),

Ay = —bibyo,

Ay = C%CQ(T(O(LOC —ké) — ok(k — 1)),

As = bic1(Tear,00 — 2Tba1 00 — 0TDy — bo + co — (K — 1)boo — kcgo),
Ay = bibo(— 7'1/1 oo —O0TVI 0o = Voo — 01,000 — (k — 1)V 000 — § + 60),

A5 = 6162(7'041,001/1700 — Tk(sl/Loo + 1,00 — ké — CMLOO]CU — k(k — 1)1/17000' + 5kO')

Multiplying (8) by e*2¢2+2b2) gives

AOBAbQ +A16)\(2C2) +A26)\(2b2) +A3e)\(b2+62) +A4e)\(202+b2) +A5e)\(2b2+C2) :07 (9)

0 which is equivalent to D[A] = 0. It is obvious that A; < 0. Furthermore, the signs of As and Aj are determined

70 by conditions on o .

n  Theorem 2. If by > co, then any interior evolutionarily singular strategy is a fitness minimum and is thus
n  not ESS. If co > be, then any interior evolutionarily singular strategy is an ESS. Furthermore, by definition, if

73 there exists a boundary attractor then it is an ESS.

%7;? = 0. To find if they are evolutionarily

A*=A

Proof. Evolutionarily singular strategies are so that D[A] =

stable, we require the sign of 8(2* (%) and so we compute

A*=A

J (3720[/\7/\*]) _ <2V1[/\*]Vi[>\*] (@[N] + AR 20 AT (aa [N + v AR

2 2 (n[M] + oy N LA + )2 (1 [N] + oy AT +6)2
- WM EnR) | od[M] + vk )(MHEN).
(1 [N] + oy[N 1 [A] + 6)2 [A*Hmm 1[A]+0

vi A (a1[A+v1 [AJR]) o) Al +vi Ak

Evaluating this at A* = X\ and noting that — Ao D0 T D ev T N1

= 0O since A is an evolutionarily

singular strategy, it follows

0 [ORo[A,\Y] _ A [A] + i [AJk) o [N + ][Nk ~ T
N ( N ) A=A ( (1[N + oy [N T2 [A] + 6)2 - [\ + oy N[N +5> (S[AH Ilm)' 10)
It also follows that vf'[A\] = —carf[)\], and that af [A] = —bac}[A]. Substituting these in the above give
0 [ ORo[\,\*] _ | oM +ni[AR) — baai [N + cori[AJR o T
OA" ( o ) A = (( YA+ oy NI +6)2 vi [\ + oy AT +5> (Sm " IM)' ()
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Since a/j[A] < 0 by definition, it follows that at an evolutionarily singular strategy,

8 (OR[N N
ax T o

>Q<%WW@MﬂW@ of [ + v [Nk >@m+ﬁmD_oum
A =)\ (1/1[)\]"‘0'7[)\][1[)\]"‘5)2 1/1[)\} “r‘O”Y[)\}Il[)\]‘f'&

if and only if by > co, which completes the first part of the proof.

The second part of the proof follows immediately from the definition of an ESS. Indeed, for a strategy \ to
be ESS, it is required that no mutant can invade a resident with such a strategy. If there is a local attractor at
the A = 0 boundary, then DJ[0] < 0, and so no mutants A* > 0 can invade. Since the mutant phenotype space is
A* € ]0,00), then it follows by definition that X =0 is a local ESS. Second, suppose there is a local attractor at
the \ = oo boundary. Then, there is some large enough A, such that D[A] > 0 for all A > Api,. Thus, = o0
is a local ESS.

If the formulations of a4 [A] and v4[\] are more general and instead take the form of Egs. (4-5), i.e. ai[A] =
bi(F[A]) 7% + a1,00 and 11[A] = ¢1(F[A]) ™ + 11 o0, then

" / F/[)‘] FHP\]
%N%W((®+MHM+F%J’

" _ / F/[)\] F//[)\]
ZARNIERZ1PY (_(C2 +1) F[A + F/[\ )

Using these relations in Eq. (10) and noting that F[A] > 0, F'[A] > 0 (by definition of F[A]) gives the same

result.

O

Remark 1. Let aq,0 = a1[0] = b1 + a1,00 and v1,0 = 11[0] = ¢1 + V1 ,00. It can be shown that Z?zl A; >0 iff

bib b1b
—0 (12 + k) (1,0 + (k=119 —6) + (14 7v10) ((OZLO — k8) — == (v10+ 5)) > 0.

Cc1Co C1C2

1,00tk 0o

V1,000
Thus, the inequality § < a1,00 + (k — 1)11,00 must be satisfied, which gives that Ay < 0. Furthermore, since

Remark 2. The single strain basic reproduction number is greater than 1. At infinity, this is > 1.

we assume that the single strain basic reproduction number is greater than 1 for all i o, it follows that § <
(k — 1)1/1700.

Theorem 3. Assume that by > cs.

(S1) Suppose that Ay <0 and As < 0. Then, there is a unique ESS at X=0.

(S2) Suppose that Ay < 0 and As > 0. Then, if Z?Zl A; <0, there is a unique evolutionarily singular strategy
that is not convergence stable. Since this strategy is not-ESS by Theorem 1, then it leads to two bistable
local ESSs at X =0 and \ = oo. If Z?:l A; > 0 then DI[)] is an increasing function of A and the unique
ESS is at A = .

(58) Suppose that Aa > 0 and As > 0. Then, if Z?Zl A; < 0, there is at least one evolutionarily singular
strategy that is not convergence stable, and leads to alternative stable states since the singular strategy is
not an ESS (by Theorem 1). Otherwise, if Z?Zl A; > 0, then there is a local ESS at X = 0o and there are
possibly other interior singular strategies. If by > 2co, then the interior evolutionarily singular strateqy is
unique if Z?Zl A; <0 and the ESS at infinite latency is unique if Z?Zl A; > 0.
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(S4) Suppose that As > 0 and As < 0. Then, if Z?Zl A; > 0, there is a unique interior convergence stable
singular strategy A > 0. Since this strategy is not an ESS by Theorem 1, then it is a branching point and
leads to mutual invasibility of strategies with different latencies. Otherwise, if E?Zl A; <0, there is a

local ESS at \ = 0, and there are possibly other interior singular strategies.

Proof. First, we prove (S1). Since by > co, it follows that Ay < 0, and A3 < 0 also since the sum of the first
two terms of A3 are negative if ¢y < 2bs and the fourth and fifth term are also negative if co < by. Since As < 0
and As < 0, this gives that A; < 0 for all . Thus, D[\] < 0 for all A, and the unique ESS is at X =0.

Next, we prove (S2), and assume that Ay < 0 and As > 0. Then, rearranging this equation and multiplying
by e~ A2b2te2) giveg

—Aoei)\(b2+c2) - AleiA(2b27C2) - A267>\62 - A3€7>\b2 - A4€7>\(b27c2) = A5.

Clearly, the left-hand side is a decreasing function, and so if Zle A; <0, there is a unique intersection and thus
a unique root which is an evolutionarily singular strategy. Since Z?:1 A; < 0, then D[A] < 0 for A less than the
evolutionarily singular strategy. Furthermore, since As > 0, this implies that D[)\] is positive as A approaches
00, i.e. D[A] > 0 for A greater than the evolutionarily singular strategy. Thus, according to Brannstrom et
al. [6], this interior singular strategy is not convergence stable. This leads to bistability at X =0and \ = 0.
Otherwise, if Zle A; > 0, there are no interior roots. If there are no interior evolutionarily singular strategies,
then the unique ESS is at A = oo since D[A] > 0.

Now, we prove statement (S3), so we suppose that As > 0 and A5 > 0, and note that A3z < 0 since by > ¢y

A(2b2)

We also first assume that bs > 2¢5. Then, rearranging (9) and multiplying by e~ gives

_Aoe—kbz _Ale—)\(Q(bQ—cz)) _A?)e—A(bQ—CQ) _A4e—)\(b2—202) — A56>\C2 +A2

It is clear that the left-hand side is a decreasing function of )\, whereas the right-hand side is an increasing
function of A, from As + Ay to co. Thus, if Zle A; <0, there is a unique root and so a unique evolutionarily
singular strategy that is not convergent stable (as in the previous case). This singular strategy thus gives rise to
bistability at X =0 and at A\ = oo since As > 0. Otherwise, if Zle A; > 0, there are no roots and no interior

evolutionarily singular strategies, and X = o is the unique ESS.

Suppose now that by < 2ce. Since As > 0, then D[A] > 0 for large A, so there is an attracting state at
X =oc. If Z§=1 A; <0, then D[0] < 0. Thus, there is least one interior evolutionarily singular strategy that is
not convergence stable (as previously). If Z?:l A; > 0, then D[0] > 0, and so in addition to the local attracting
state at A = 0o (since D[)] is positive as A approaches infinity), there might be other interior evolutionarily

singular strategies if D[] is not monotonic.

Lastly, we prove (S4), so As > 0 and A5 < 0. If Zle A; > 0, then there is at least one interior singular
strategy that is convergence stable since D[0] > 0 and D[)] < 0 for large enough A. To prove uniqueness, a more
sophisticated argument to the ones used previously is required, as the function f[A] defined by the LHS of (9) can-
not be separated into separate increasing and decreasing functions. However, noting that Ag, A1, Az, A4, A5 <0
and that As is the coefficient of the term with the largest exponent implies that there are exactly two sign
changes in the coefficient of the LHS of (9). According to Jameson [7] (who attributes this to Laguerre), this
implies that f[A] has at most two positive zeros, since f[\] can be viewed as a ‘generalized polynomial’, i.e.
consider the transformation z = ¢*. Since A5 < 0 and we are assuming that Zle A; > 0, then f[0] and f[oc]
have different signs, which implies that there is an odd positive number of roots to f[A] = 0. Therefore, it follows

that there is a unique root to f[A] and so the singular strategy is unique in this case. For the more general
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formulations with F'[A], we note that a similar argument follows also, by considering = F[\] and noting that
x > 0. Since this singular strategy is not ESS, then this singular strategy gives mutual invasibility of nearby

types through branching.

Otherwise, if Zle A; < 0, then there is a local attracting state at X = 0, and there are possibly other

interior singular strategies. O

Remark 3. In Theorem 8, i.e. when by > co, the conditions on As and As are conditions on al{g”. Let

B =k + w and By = k + W, as the notation used in Figure 2 and Expanded Results,

Electronic Supplementary Material. First, note that if o > HT%, then As > 0 if and only if alé‘” < Ba, which

implies that As < 0 since By < By and alé‘” < Bi. Consider the following inequalities on the superinfection

parameter o:

1+701 00

(0,) 061500 <BQ<81 — A2<O,A5>O,

(b) By < alé’oc <Bi = Ay <0,45 <0,

(¢) By <By <= = Ay >0,45 <0,

(S2) o < 1572 (then By > By > 0):

(a) 041500 <By< B = Ay <0,45 <0,
(b) BQ<MT’°C<31 — A2<0,A5>0,

(C) BQ<61<MT’°° - A2>07A5>07

(§3) LT 5 6 > 1278 fihen By > By > 0):

(a) Oéléoo <Bi<By = A3<0,A45<0,
(b) Bl<alT’m<82 = Ay >0,A5 <0,
(c) By < By < *= = Ay > 0,45 >0,

J(Tul")gz;ly)f:g?:iz;;l’“_é). Ifo > HT%, then the demominator is
negative and so By > 0 if and only if the numerator is also negative, i.e. §(Tv1,00 +1)+0((k—1)v1,00 — ) < 0.

1+701 00

But § < (k—1)v1,00 by Remark 2 and so this is impossible, thus Ba < 0 whenever o > =

Remark 4. We can rewrite By as Bs = k

Theorem 4. Suppose that co > bs.

(S1) If Z?:l A; > 0, then there is at least one interior convergence stable singular strategy that is ESS, and
possibly other interior singular strategies. If Zle A; <0, then there is a local attracting state at A= 0,

and possibly other interior singular strategies.

(S2) The convergence stable interior singular strategy or the attracting state at X=0is unique in the following
cases:
(a) Ay >0, A5 <0,
(b) Ag, As, A5 <0,

(c) Ay, A5 >0, cy > by(max{2, 2o 0TIk Yy

TV, 0o +1—ko

Proof. First, we prove the first statement, which is more general. The condition that co > be implies that
the largest exponent is 2co + be in (9), with corresponding coefficient A4. Since A4 < 0, it follows that if
Z?Zl A; > 0, then there is at least one root to (9). Noting that D[0] > 0 and D[)] is negative as A approaches
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infinity, it follows that this root is convergence stable (as in Theorem 2). If 2?21 A; < 0, then this implies that
DI0] is negative, thus giving that X =0 is a local attracting state. Since co > ba, then Theorem 1 gives that

this interior singular strategy is an ESS.

Now, we prove the three cases in the second statement. First, note that cy > by implies that by < 2by <
ba + co < 2by + ¢o,2¢9 < 2¢o + ba, where the ordering of 2bs + co and 2¢5 is dictated by the relative magnitudes
of 2by and c,. For (a), first assume that Az < 0. Then, rearranging (9) and multiplying by e~*(2%2) gives

Aoef)\bQ + Ay = 7A16)\(2(627b2)) o Age)\(bez) - A46)\(2027b2) o A56)\C2.

It is clear that the right-hand side is an increasing function of A to infinity, whereas the left-hand side is a
strictly decreasing function of A. Therefore, there is exactly one positive root if Zle A; > 0, otherwise there

are no positive roots to this equation. Likewise, if A3 > 0, rearranging (9) and multiplying by e~ Mb2te2) giyeg

14067)\C2 + A26’7>\(627b2) + A3 = —Ale)\(c27b2) — 144€>\C2 — A56)\b2.

Again, it is clear that the left-hand side is a decreasing function whereas the right-hand side is an increasing
function to infinity, and so there is exactly one positive root if and only if Zle A; > 0. Thus, the sign of Ag is
irrelevant under the conditions that As > 0 and A5 < 0: there is exactly one positive root if Zle A; >0 and
none if Z?Zl A; < 0. Furthermore, if there is a root, it is the unique convergence stable strategy, and if there

—Ab2

are none, then the unique attracting state is at X = 0. For (b), rewriting (9) and multiplying by e gives

AO _ _Ale)\(2csz2) _ A2e)\b2 _ A36>‘02 i A4e)\(2cz) _ A56>\(b2+02).

As previously, the right-hand side is an increasing function, and so there is exactly one positive root if Z?:l A; >
0, which is the unique convergence stable singular strategy. Otherwise, if E?:1 A; < 0, then there are no positive

roots and the attracting state is at X =0. For (c), rewriting (9) and multiplying by e=*(2b2+¢2) gives

AoefA(Cngbz) +A26*)\62 +A367)‘b2 + Ay = ,AleA(CQ*sz) ,A4e/\(c2*b2)'

Here, we note that the third condition gives ¢o > 2by, in addition to ensuring Az > 0 (solving for ¢y in terms of
by gives the second value in the maximum equation). Thus, the left-hand side is a decreasing function, whereas
the right-hand side is an increasing function, and there is exactly one positive root if 2?21 A; > 0, and this is
the globally attracting state. Otherwise, if Z?Zl A; <0, then there is no root, and D[A] < 0 for all X the global

attractor is therefore at A = 0. O

Remark 5. In the proofs of the theorems, we have assumed the exponential formulation of the trade-offs for
simplicity. Suppose instead that the more general form presented in the main text is considered. Note that we
assume F'[\] > 0, thus, F'[\] is a factor in every term of D[\]. Therefore, setting D[A] = 0 gives an equivalent
relation as in Eq. (9), with the substitution of e* by F[\] sufficing to prove equivalent results.

The superinfection parameter as a function of latency

We have assumed that the superinfection parameter o is constant, but it is possible that a strain with higher

latency would have a smaller value of . As a simplest case, we model o as o[\ = d3[d;e~%* + (1 —d;)]. Thus,
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Figure S1: The effect of the superinfection parameter decreasing as a function of latency A\. Here, we
assume that o[\ = ds[die"%* + (1 — dy)] for dz > 0. (A) is as in the middle panel of Fig. 4C, i.e. d» = 0,
whereas (B) d2 = 1.05. In both (4) and (B), di =ds = 1.

with o = o[A] and o* = o[A\*], Equations (2) become

dI;

dtl =[S+ aul3S + ot I} +o* a1 I — (v + 8)IF — o(ar LI} + ol 17), (13)
d‘[* * Tk *

_dt2 =il — (12 +0)13,

and so the invading reproduction number is now

a1 [)\*]
] 10+ oA (o AT A + azlz ) (14)

)(ﬂM+deMD,

Ro[A A = <

+ v1[A7] _ _ Q2
viA] + 6 + o [N (an[A1 [A] + aoDo[A]) v2 +0

With d; = d3 = 1, we present in Fig. S1 the effect of increasing ds. Fig. S1A has do = 0 and is identical to
Fig. 4C (middle panel). On the other hand, dy = 1.05 in Fig S1B and there is an interior evolutionarily singular
strategy that is not an ESS. However, with a constant superinfection parameter, we have proved in Theorem 2
that any interior evolutionarily singular strategy is ESS. Thus, the dependence of o on A introduces additional
possible evolutionary behavior.
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