Supplement S5 Basic Reproduction number (R,) estimation when mortality is neither constant nor
negligible and the force of infection (A) is age independent and assumed to be at equilibrium

Anderson and May (1991) present that in a homogeneously mixed host population, under the
assumption of “weak homogenous mixing”, i.e., that new infections appear at rate proportional to the
number of susceptible hosts, Ry is inversely related to the fraction of susceptible hosts (S*) at

equilibrium:

1
R,=— S5.1
0= (S5.1)

The fraction of susceptible hosts (S*) at equilibrium can be decomposed as a function of the total

number of susceptible hosts ( )T) divided the total number of hosts ( N), over all ages (a), as follows:

v [ X(a)da
S*=x=u (55.2)
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Where N is an age structured population that can be decomposed as follows:
N =3 NO)I(a) (55.3)
0
Which can be further simplified to:
N =N©)YI(a) (55.4)
0
Similarly, X is the age structured population of infected individuals that can be decomposed as follows:
X =N©)3 e™I(a) (55.5)
0
Substituting (S5.4) and (S5.5) in (S5.2) and (S5.1) we have:

R,=— 0 (S5.6)
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Where the numerator is the life expectancy in a population (ey), i.e., the expected time units a newborn
will survive until his/her death (Carey, 2001; Carey, 2003), which is defined by the following equation:

e =>1(a) (s5.7)
0



Equation S5.6 can be approximated under two limit considerations(Anderson & May, 1991):
(1) When mortality is negligible up to the life expectancy age (ey, I{a< ey)=1), after which survival

becomes negligible(i.e., I{a> e,)=0):

R, = % = % (55.8)
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Where S5.8 can be fairly well approximated by:
R, = A&, (55.9)
Or can be re-expressed as the ratio between the age expected age for the first infection (A):

€
R, = Ko (55.10)

Since under the static assumptions(Anderson & May, 1991):

A== $5.11
7 ( )

(2) When mortality is constant through all ages (/(a)=-exp(ua)):

&

RO =
ze—lae—ya
0

Since the life expectancy (ey) is also the inverse of (u), the average mortality rate (Carey, 2003):

€ =— (55.13)
And replacing S5.12 in S5.11 we have:

R,=1+-2 (S5.14)

An equation that has been used when estimating R, for leishmaniasis transmission in dogs (Quinnell et
al., 1997; Reithinger et al., 2003). Nevertheless, none of those approximations are likely good to
estimate R, in populations where mortality accelerates with age, a pattern observed in nature (Carey,
2003) or when mortality is, more generally, not constant. In those circumstances, the best estimate
would probably to use equation (S5.6) which can estimate R, in absence of the biases imposed by
assumptions of equations (S5.10) and (S5.14). Nevertheless, it is important to highlight that equation



S5.6 assumes: (i) homogenous pathogen exposure, (ii) no significant delay between infection and
seropositivity, (iii) the force of infection is constant and age independent, and (iv) infection and
demographic patterns in the host population are at equilibrium(Anderson & May, 1991).
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