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Supporting Information file 1. — Modelling the disease burden in DALYs using an incidence-

and pathogen-based approach.

Having defined an outcome tree for a particulagétibus pathogen (see figure S1), crude annual
numbers of incident symptomatic caseg for the root health outconig stratified by sex (s=0,1)
and age at infectioa (a=0-g.y), is extracted from surveillance data, and useadiaal model input.
Where necessary. has to be corrected for underestimation by a fagtestimated either directly, or
as the product of a factar(to correct for under-ascertainment) and a fggi®o correct for under-
reporting). All three factors may be age-dependenior sex-dependent, and are pathogen- and
country-specific. The number of incident symptomatsesry) for root health outcomie can then be
estimated as:

n:,s — ns,s* O_a,s — na,s* (a,a,s* ﬂa,s).

C

Here n, represents the number of symptomatically infectesies, but not all infected cases, as some

infections may be asymptomatic. Therefore, if asgmmatic cases contribute to disease buragn,

has to be corrected by a factdo estimate the number of all infected casgs1{ may be age- and/or

sex-dependent. Then the estimated number of altiefl cases is:

C

n[a,s — n:,s * z.a,s — (né;\,s * O.a,s)* Ta,s — (na,s* (a,a,s * IBa,s))* Z.a,s.
The number of asymptomatically infected incidergesafy) is then:

a,S — 2&,S _ Aa,S
N =n"—ng

We estimate the numbers of incident cases of sequld deaths using conditional probabilities of
moving from one health outcom@ {o another, taking into account the sequence@fts as

illustrated in the outcome tree shown in figure Biese conditional probabilities may be age- and/or
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sex-dependent, which implies that the age disease onset of health outcdndepends on the age at
infectiona. The age at disease onset in turn determinessgiseverity and lethality and potential

future health outcomes.

Let I, be the root health outcome syinptomatic infections andu(D, |I,) be the conditional
probability of dying from health outconhe Furthermore, leti be the root health outcome with for

example maximum twisequences of events (i.e. sequelae) occurringy Ple |1,) is the
conditional probability of moving from the root higeoutcomd, to the outcomeiq . There ar&
possible health outcomégi, (i=1,...,k). Assume further that some of the heallh:omeslci can be
followed by a health outcorri%j(i) with m possible outcomes (j=1,...;)mThen p(Igm) |l,) is the
conditional probability of moving from health outne ¢ to health outcomg;. And (D, [l.) is the
conditional probability of dying from health outcerty . Assume further thap(Dng |I9m)) is the
conditional probability of dying from health outcer’q}j(i) . Note that in most cases, many of these

conditional probabilities will be 0.

For some infectious diseases also asymptomaticeégted persons may develop sequelae

that contribute to disease burden. While theseddaglare the same as for symptomatic infectioms, th

conditional probability of moving from aasymptomatic infection {y) to health outcomdaci may be

different, why denoted ag(l, |1,).

If becoming infected at ageand being of seg, than the number of non-fatal incident cases

for health outcomé, is:

a,s — ,a,s a,s a,s a,
nee =ng=*pll, 11, )< +n3=*pll, 11,)

G

! Two sequences of events are used for illustrabiaty sequences of events can follow on symptomatic
infections.
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and the number of non-fatal incident cases foltheatcome Igm) is:

nla,s — na,s* p(lgj(i) ||c| )a,s

9j (i) le,
Whereas the number of fatal incident cases folttheatcomd, is:
d7* =ng** p(D, |I,)**.
than the number of fatal incident cases for hexzallltluomelq is:
dlzys = nIZ:’S * p(Dci ||ci )5.,3
and the number of fatal incident cases for healtcome Igm) is:

a,S — Aa,S a,s
d r‘ll *p(ng(i) ||gj(i)) .

QJ(|) gi(i)

Now we can combine estimated number of cases idiffezent health outcomes of the
outcome tree with disability weight to compute 8itity-adjusted life years (DALYS)YLD for a
specific health outcomies calculated as the product of the duration ofilthesst and the disability

weightw. The YLDs for all health outcomes are then addetbwet the total YLD:

m
o=y ool 3 e woh e b v |
s=0 a=0 i=1 =1
Similarly, YLL due to a specific disease is caltathby summation of the number of all fatal

cases ) due to the health outcomé) (of that disease, each case multiplied by the i@n@

individual life expectancyd] as at the age of dedhThus:

1 B ok ) !
=y S a3 ooy v |
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Remaining life expectancg)as at the age of dedhs equal to the remaining life expectancy as at

the age of infectiom, but corrected for the time span in years betwafettion and death.
t*°*and e**have time as a unit, all other quantities are dsiwress numbers.

By adding YLL andYLD we obtain DALYs for an infectious pathogémcluding both acute

illness and associated sequelae. Thus:

oarv= 3 3| e (2o v >}+i({ 0 (15w >}+i{ e *(tif.)*wﬁj.))}]
s=0 g =0 =1 =1

amax

1 k |
¥ ae e fahe o

s=0 a=0 i=1 =1

All of the above parameters are age- and sex-dependige at infection is of importance at
the start of the outcome tree (i.e. root healtlcauie). For all later stages, it is the age of disemset
which determines the severity and the duratiomefitealth outcome itself; and the (conditional)
probability to die, to recover or to develop a sguThere may be a functional relationship between
the age at infectioa and the age of onset of diseé@séor example if disease progression is faster if

infection is acquired at an older age.

For calculating numerical estimates we used pestinates fot andw. The (conditional)
probabilitiesp andy, as well as the factor(gj(if corrected in one step), arandg (if corrected in two

steps), as well as factexvere sampled from uniform or pert-distributions.
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Figure S1 — Outcome tree for an infectious pathogen an illustration

R

Health outcome lsh(z)

MDD 1)

R
asymptomatic
—> infections
Iy —> R
@ plle]l)
Health outcome 1, > R
pdg I1,) —>
P ('{9;'(:.) |'{C!)
_
root health
outcome of iy |l
Ll symptomatic p(lCillT)\ Health outcome [, (g’@) C)
mfecltlons p(, 11,)
r
u(Dc i)

Health outcome l.g‘z(z)

(Dgs |1 5

)

Death D,

Death D

2:2)




79

80

81

82

83

84

Note:

All the above parameters are age- and sex-depentigmiat infection is of importance at the startha outcome tree (i.e. root health outcome). Hdatr stages,
it is the age of disease onset which determinesatierity and the duration of the health outcome;the (conditional) probability to die, to recowerto develop a
sequela.

Two sequences of events following a symptomatiedtibn are used for illustration. But any numbealbbf sequences of events may be modelled iméne

presented way.



