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The model is described by the following system of differential equations

Ṡ = αS − δSS − β(1 − v)SV

İA,P = β(1 − v)τ(1 − λ)V S − (δI + κE)IA,P

İA,U = β(1 − v)(1 − τ)(1 − λ)V S − (δI + κE)IA,U

İL,P = β(1 − v)τλV S − δLIL,p

İL,U = β(1 − v)(1 − τ)λV S − δLIL,U

Ė = αe + ω(IA,p + IA,U )
E

E + EC50
− δEE

V̇ = πIA,P − γV − β(1 − v)SV

(1)

The definition of R0 is the average number of secondary infections infections produced by a single infected
cell over the course of its lifetime, when this is the only infected cell in the population (e.g. cells are otherwise
fully susceptible). We interpret this to mean the R0 experienced by the first infected cell after a transmission
event, and assume that at the time of infection, the population of cells is at the uninfected equilibrium level
(all derivatives zero), e.g.

S∗ =
αS

δS
I∗i,j = 0 for all i, j

E∗ =
αe

δE
V ∗ = 0

(2)

Notice that in this system, the latently infected cells are a “dead end” .. they don’t produce virus
and their levels do not influence the dynamics of any other cells. Active but unproductive cells also do
not contribute to infection, since they produce no virions, though they do stimulate the adaptive immune
response and therefore act to reduce the levels of active and productive cells, who are the only ones to
produce virus. Consequently, in calculating R0, the cell we need to track – the only one that can produce
secondary infections — is IA,P .

The average number of offspring produced per IA,P cell is the product of a) the average lifespan of an
IA,P cell, b) the rate at which virus is produced from this cell, c) the average lifespan of these virions, d)
the rate at which each virion infects susceptible cells to produce new infections, and e) the fraction of these
infections that are active and productive. Together, this gives us the following expression for R0
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R0 = a ∗ b ∗ c ∗ d ∗ e

=
1

(δI + κE∗)
π

1

(δ + β(1 − v)S∗)
βτ(1 − λ)S∗

=
πβτ(1 − λ)(1 − v)αS

δS(δI + καE/δE)(γ + β(1 − v)αS/δS)

=
πβτ(1 − λ)(1 − v)αS

δI(1 + καE/δIδE)(γδS + β(1 − v)αS)

≈ πβτ(1 − λ)(1 − v)αS

δIγδS(1 + καE/δIδE)

(3)

where the approximation follows that in the text – assuming that viral production and binding of virus
to antibody are much faster than loss of virus due to infection. This equation for R0 is identical to that
derived by the next-generation method in the Mathematica file.
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