
Let RA denote the resistant density under aggressive treatment. Because we assume that ag-
gressive treatment immediately removes the entire drug-sensitive population, the expansion
of the resistant density under aggressive treatment is described by

ṘA = (1 − cI)rRA(1 − (1 + cC)δRA) − µRA. (S.1)

Let RC denote the resistant density under containment. Under containment the expansion
of the resistant density is described by

ṘC = (1 − cI)rRC(1 − (1 + cC)δRC) − µ(t)RC

− (1 − cI)rRC(1 + cC)δ(Pmax −RC)︸ ︷︷ ︸
Benefit

+ εr (1 − δPmax) (Pmax −RC)︸ ︷︷ ︸
Cost

. (S.2)

Amplifying competition for both resistant and sensitive pathogens: An alternative
intervention that amplifies the effect of competition equally for both drug-sensitive and drug-
resistant pathogens will increase the competition coefficient δ. The derivatives of cost and
benefit with respect to δ are:

∂Cost

∂δ
= −εrPmax (Pmax −RC) < 0

and
∂Benefit

∂δ
= (1 − cI)rRC(1 + cC)(Pmax −RC) > 0.

Therefore, increasing δ will increase the benefit and reduce the cost of sensitive pathogen.

The derivative of the resistant expansion rate with respect to δ under containment is:

∂ṘC

∂δ
= −(1 − cI)rRC(1 + cC)Pmax − εrPmax (Pmax −RC) < 0,

and under aggressive treatment is

∂ṘA

∂δ
= −(1 − cI)rRA(1 + cC)RA < 0.

Therefore, increasing δ reduces the expansion rate of the resistant population and thus ex-
tends the amount of time that the infection can be managed with both containment and
aggressive treatment.

Finally,
∂Rbalance

∂δ
=

−ε
(1 − cI)(1 + cC)δ2

< 0,
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and so increasing δ will decrease the balance threshold.

Amplifying competition for only resistant pathogens: An alternative intervention
that amplifies the effect of competition for only drug-resistant pathogens will increase the
competitive fitness cost cC . The derivatives of cost and benefit with respect to cC are:

∂Cost

∂cC
= 0

and
∂Benefit

∂cC
= (1 − cI)rRCδ(Pmax −RC) > 0.

Therefore, increasing cC will increase the benefit and have no effect on the cost of sensitive
pathogen.

The derivative of the resistant expansion rate with respect to cC under containment is:

∂ṘC

∂cC
= −(1 − cI)rRCδPmax < 0

and under aggressive treatment is

∂ṘA

∂cC
= −(1 − cI)rRAδRA < 0.

Therefore, increasing cC reduces the expansion rate of the resistant population and thus
extends the amount of time that the infection can be managed with either containment or
aggressive treatment.

Finally,
∂Rbalance

∂cC
=

−Rbalance

(1 + cC)
< 0,

and so increasing cC will decrease the balance threshold.

Amplifying competition for sensitive pathogens only: Assessing the impact of this
intervention requires a modification of Equation (S.1) and Equation (S.2). Note that Equa-
tion (S.1) and Equation (S.2) can be written in terms of fitness benefits associated with drug
sensitivity instead of fitness costs associated with drug resistance. Doing this yields,

ṘA = rRA(1 − δRA) − µRA, (S.3)

and

ṘC = rRC(1 − δRC) − µ(t)RC

− rRCδ(Pmax −RC)︸ ︷︷ ︸
benefit

of maximizing
sensitive density

+ ε(1 + bI)r (1 − (1 − bC)δPmax) (Pmax −RC)︸ ︷︷ ︸
cost

of maximizing
sensitive density

, (S.4)
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where the intrinsic replication rate of sensitive pathogens is a factor (1 + bI) greater than
that of drug resistant pathogens and drug sensitive pathogens are a factor (1− bC) less sen-
sitive to competition than drug-resistant pathogens.

An alternative intervention that amplifies the effect of competition for only drug-sensitive
pathogens will decrease the competitive fitness benefit bC . The derivatives of cost and benefit
with respect to bC are:

∂Cost

∂bC
= ε(1 + bI)rδPmax (Pmax −RC) > 0

and
∂Benefit

∂bC
= 0.

Therefore, decreasing bC will decrease the cost and have no effect on the benefit of sensitive
pathogen.

The derivative of the resistant expansion rate with respect to bC under containment is:

∂ṘC

∂bC
= ε(1 + bI)rδPmax (Pmax −RC) > 0

and under aggressive treatment is
∂ṘA

∂bC
= 0.

Therefore, under containment, decreasing bC reduces the expansion rate of the resistant
population and thus extends the amount of time that the infection can be managed. Under
aggressive treatment, decreasing bC has no effect on the resistant expansion rate.
Finally, if the balance threshold is written in terms of fitness benefits then

Rbalance =
ε(1 + bI)

δ
[1 − (1 − bC)δPmax]

and so
∂Rbalance

∂bC
=
ε(1 + bI)

δ
δPmax > 0.

Therefore, decreasing bC will decrease the balance threshold.

Now we consider alternative interventions which change the pathogens’ intrinsic ability to
replicate.

Reducing intrinsic replication for both resistant and sensitive pathogens: An
alternative intervention that reduces intrinsic replication equally for both drug-sensitive and
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drug-resistant pathogens will decrease r. The derivatives of cost and benefit with respect to
r are:

∂Cost

∂r
= ε (1 − δPmax) (Pmax −RC) > 0

and
∂Benefit

∂r
= (1 − cI)RC(1 + cC)δ(Pmax −RC) > 0.

Therefore, decreasing r will decrease both the cost and the benefit of sensitive pathogen.

The derivative of the resistant expansion rate with respect to δ under containment is:

∂ṘC

∂r
= (1 − cI)RC(1 − (1 + cC)δPmax) + ε (1 − δPmax) (Pmax −RC) > 0,

and under aggressive treatment is

∂ṘA

∂r
= (1 − cI)RA(1 − (1 + cC)δRA) > 0.

Therefore, decreasing r reduces the expansion rate of the resistant population and thus
extends the amount of time that the infection can be managed with both containment and
aggressive treatment.
Finally,

∂Rbalance

∂r
= 0,

and so decreasing r has no effect on the balance threshold.

Reducing intrinsic replication for resistant pathogens only: An alternative interven-
tion that reduces the intrinsic replication of only the drug-resistant pathogen will increase
the intrinsic fitness cost cI . The derivatives of cost and benefit with respect to cI are:

∂Cost

∂cI
= 0

and
∂Benefit

∂cI
= −rRC(1 + cC)δ(Pmax −RC) < 0.

Therefore, increasing cI will decrease the benefit and have no effect on the cost of sensitive
pathogen.

The derivative of the resistant expansion rate with respect to cI under containment is:

∂ṘC

∂cI
= −rRC(1 − (1 + cC)δPmax) < 0
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and under aggressive treatment is

∂ṘA

∂cI
= −rRA(1 − (1 + cC)δRA) < 0.

Therefore, increasing cI reduces the expansion rate of the resistant population and thus
extends the amount of time that the infection can be managed with either containment or
aggressive treatment.

Finally,
∂Rbalance

∂cI
=
Rbalance

(1 − cI)
> 0,

and so increasing cI will increase the balance threshold.

Reducing intrinsic replication for sensitive pathogens only: An alternative interven-
tion that reduces the intrinsic replication of only the drug-sensitive pathogens will decrease
the fitness benefit bI . From Equation (S.4), the derivatives of cost and benefit with respect
to bI are:

∂Cost

∂bI
= εr (1 − (1 − bC)δPmax) (Pmax −RC) > 0

and
∂Benefit

∂bI
= 0.

Therefore, decreasing bI will decrease the cost and have no effect on the benefit of sensitive
pathogens.

The derivative of the resistant expansion rate with respect to bI under containment is:

∂ṘC

∂bI
= εr (1 − (1 − bC)δPmax) (Pmax −RC) > 0

and under aggressive treatment is
∂ṘA

∂bI
= 0.

Therefore, under containment, decreasing bI reduces the expansion rate of the resistant pop-
ulation and thus extends the amount of time that the infection can be managed. Under
aggressive treatment, decreasing bI has no effect on the resistant expansion rate.

Finally, if the balance threshold is written in terms of fitness benefits then

Rbalance =
ε(1 + bI)

δ
[1 − (1 − bC)δPmax]
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and so
∂Rbalance

∂bI
=
Rbalance

(1 + bI)
> 0.

Therefore, decreasing bI will decrease the balance threshold.
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