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Section 1.1: Derivation of the Posterior Distribution

We analytically derive the posterior probability distribution for the quantity ps,l referenced in the main text. We abbreviate
this quantity as p as the derivation is identical for specific s or l. We show that the posterior follows a standard univariate
beta distribution. First, let us write the likelihood function for observing Nkp deaths out of Nd deaths in total sampled by a
given study at a given location:

L(Nd, Nkp | p) =
(
Nd

Nkp

)
pNkp(1− p)Nd−Nkp (1)

where
(·
·
)

is the choose function.
We seek to determine the probability distribution of p, or in other words to determine the density function f(p|Nd, Nkp).

We apply Bayes’ theorem:

f(p|Nd, Nkp) =
L(Nd, Nkp | p)f(p)∫

p
L(Nd, Nkp | p)f(p)dp

(2)

where f(p) is the prior probability distribution on p. We write the prior on p as a beta distribution with shape parameters
a and b, β(p|a, b) = 1

B(a,b)p
a−1pb−1 since p is a probability.

f(p|Nd, Nkp) =

(
Nd
Nkp

)
pNkp(1− p)Nd−Nkp pa−1(1−p)b−1

B(a,b)∫ 1

0

(
Nd
Nkp

)
pNkp(1− p)Nd−Nkp pa−1(1−p)b−1

B(a,b) dp
(3)

where B(a, b) = Γ(a)Γ(b)
Γ(a+b) and Γ(·) is the Gamma function.

f(p|Nd, Nkp) =

( Nd
Nkp

)
B(a,b)p

Nkp(1− p)Nd−Nkppa−1(1− p)b−1

( Nd
Nkp

)
B(a,b)

∫ 1

0
pNkp(1− p)Nd−Nkppa−1(1− p)b−1dp

(4)

f(p|Nd, Nkp) =
pNkp+a−1(1− p)Nd−Nkp+b−1∫ 1

0
pNkp+a−1(1− p)Nd−Nkp+b−1dp

(5)

Note how the integrand in the denominator is the beta function, B(Nkp +a,Nd −Nkp + b). Beyond noting this definition,
this can also be seen by observing that the fraction equals the density of a beta distribution divided by an integrand in
dp that must be a normalizing factor so that the probability density integrates to one over the entire domain on p. The
normalizing factor for a beta distribution is a beta function, in this case B(Nkp + a,Nd −Nkp + b).

f(p|Nd, Nkp) =
pNkp+a−1(1− p)Nd−Nkp+b−1

B(Nkp + a,Nd −Nkp + b)
(6)

This is the density for a beta distribution.

f(p|Nd, Nkp) = β(p|Nd + a,Nd −Nkp + b) =
pNkp+a−1(1− p)Nd−Nkp+b−1

B(Nkp + a,Nd −Nkp + b)
(7)

In our case, the prior on p is a uniform distribution, so a = b = 1 (β(p|a = 1, b = 1) = 1):

f(p|Nd, Nkp) = β(p|Nd + 1, Nd −Nkp + 1) =
pNkp(1− p)Nd−Nkp

B(Nkp + 1, Nd −Nkp + 1)
(8)

Written as a sampling statement:

p ∼ β(Nkp + 1, Nd −Nkp + 1) (9)
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Section 1.2: AMR Susceptibility Testing
In data gathered through the Burden of Antibiotic Resistance in Neonates from Developing Societies 
(BARNARDS), isolated bacterial cultures from blood samples of those neonates with culture-confirmed 
sepsis were tested for antibiotic susceptibility using agar dilution to calculate the minimum inhibitory 
concentration against various antibiotics used to treat sepsis. In data gathered through the Global Neonatal
Sepsis Observational Study (NeoObs), the local technique used by the lab site gathering the isolates was 
used. In both studies, European Committee on Antimicrobial Susceptibility Testing (EUCAST) guidelines
were used to interpret the observed minimum inhibitory concentration of the isolate against an antibiotic 
and classify the sample as resistant, intermediate, or susceptible.

For data gathered through BARNARDS, we had access to the susceptibility testing at the isolate level, so 
we could determine all the antibiotics to which a single isolate was resistant. This enabled us to evaluate 
the multi-drug resistance of the isolate in World Health Organization (WHO) regions from which 
BARNARDS data was gathered (Africa, South-East Asia, and the Eastern Mediterranean).
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