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Introduction

Accurate models are critical for informing key policy
decisions in the midst of an epidemic. Hence, it is
crucial to accurately estimate the biological parame-
ters of an infectious disease.
One useful quantity is the distribution of times be-
tween infection of infector-infectee pairs, defined as
the generation interval. Generation intervals (GIs) are
linked to key epidemiological parameters such as the
reproduction number R and the growth rate [1].
Our aim is to investigate the impact of
transmission-reducing interventions and emer-
gent strain invasion on the generation interval
of an infectious disease.
The intrinsic generation interval is purely a measure
of the infectiousness of an individual and thus can be
used in the estimation of the disease’s biological pa-
rameters. However, as the intrinsic generation interval
is not affected by epidemiological changes as the infec-
tion progresses, it is not possible to directly measure
its value in the real world. Therefore, we introduce
two measurable, ‘effective’ generation intervals:

Forwards: the time τ between an infector’s
infection at t and an infectee’s infection at t + τ

Backwards: the time τ between an infectee’s
infection at t and the infector’s infection at t − τ
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Figure 1. Visual demonstration of the forwards and
backwards generation intervals at a given point in time.

Methods

The SEIR model
The classical SEIR model separates the population
into 4 separate compartments: susceptible (S), ex-
posed (E), infectious (I), and recovered (R). The in-
fection can only spread if an individual is in the in-
fectious stage. We further define the incidence i(t)
as the rate of change of susceptibles into the exposed
class, that is, i(t) = β(t)S(t)I(t)/N .

S(t) E(t) I(t) R(t)β(t) σ γ

Figure 2. The compartments of an SEIR model.

To extend this to a two-strain model, we account for
multi-strain dynamics using a cross-protection factor
x, and we assume that re-infection with the same
strain is not possible (Figure 3).

first infected with A... ...then infected with B

first infected with B... ...then infected with A

EA1(t) IA1(t) RA(t) SB(t) EB2(t) IB2(t)

EB1(t) IB1(t) RB(t) SA(t) EA2(t) IA2(t)
SAB(t) RAB(t)

βA(t)
σA γA ωA xβB(t) σB

γB

γAβB(t)
σB γB ωB xβA(t) σA

Figure 3. An SEIR model with two competing strains. Partial immunity is denoted by cross-protection factor x.

Generation intervals

For an SEIR model, the intrinsic GI g0(τ ) is hypo-
exponentially distributed with rates (σ, γ).
We introduce time-inhomogenous forwards and
backwards generation intervals, which have distri-
butions:

gf(t, τ ) = g0(τ )

rate of transmission at
time τ in the future︷ ︸︸ ︷

β(t + τ )

susceptible people at
time τ in the future︷ ︸︸ ︷
S(t + τ )∫ ∞

0 g0(ρ)β(t + ρ)S(t + ρ) dρ

gb(t, τ ) = g0(τ )
number of people infected τ time ago︷ ︸︸ ︷

i(t − τ )∫ ∞
0 g0(ρ)i(t − ρ) dρ

These formulae are extended to a two-strain model.
For strain A, the distribution of generation intervals
is given by:

gf,A(t, τ)= g0(τ)βA(t + τ)
‘effective’ susceptibility︷ ︸︸ ︷

(SAB(t + τ) + xSA(t + τ))∫ ∞
0 g0(ρ)βA(t + ρ)(SAB(t + ρ) + xSA(t + ρ))dρ

gb,A(t, τ) = g0(τ)
incidence︷ ︸︸ ︷

(iA1(t − τ) + iA2(t − τ))∫ ∞
0 g0(ρ) (iA1(t − ρ) + iA2(t − ρ)) dρ

Results
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Figure 4. GIs for a single strain model, adapted from
Champredon and Dushoff [2].
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Figure 5. GIs for a single strain model with interventions
applied at two time points (dashed vertical lines). At t = 60,
β is halved, before being restored at t = 80.

Results, cont
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Figure 6. GIs of a two-strain system. At time t = 80
(dashed vertical line), strain B emerges in the population.
Strain B is 1.8 times more transmissible than strain A.

Discussion and Conclusions

We have extended previous analyses ([2], [3]) by
accounting for changes in β through time, as
well as strain emergence.
We have demonstrated that these changes
produce different patterns in the backwards and
forwards generation intervals throughout the
course of an epidemic.
The effects of interventions and strain emergence
are often not considered in studies that quantify
the generation interval from epidemiological
data. For instance, Ali et al. [4] attributes
changes in the serial interval (often a proxy for
the generation interval) entirely to truncation in
the generation interval, without acknowledging
the inherent effect of intervention.
Further research to investigate these effects
under different scenarios, and to develop
estimation methods which account for them, is
needed.
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