Supplementary Material

Proportion of Exposed Becoming each Infected Type

Here we further describe the pathways for individuals becoming infected after exposure. The five
proportions described in the main text (pa, pyur, Pymu, PsT, Psu) can be broken down into more
measurable decision-related values:

e ¢, = proportion of individuals exposed that are asymptomatic

e cg = proportion of all symptomatic individuals that have severe symptoms (1—eg = moderate
symptoms)

® ¢y, 7 = proportion of moderately symptomatic individuals who seek treatment
e cg,,v = proportion of severely symptomatic individuals who seek treatment

These allow the proportions to sum to 1 and the following equations describe the structure illus-
trated in Figure S1.

ba=¢€a
pur = (1 —€a)(1 — €s)(em,,T)
puv = (1 —ea)(1 —es)(1 — €nr,,7)
psr = (1 —€a)(es)(es,, 1)
= ( )(€s)
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Figure S1: Model diagram with detailed parameterization of pathways between exposure and
infection.

Model Equations

dsS
— =-)\S
dt
dE
— =AS—-0oF
dt 7
dI
% = UpAE - /}/AIAsh
di,,u _dfssy el
—a opmv B — anrln,,u a opsull — asls,,u
dl dls,,r
—]C\;;yT =opurE — (1 — q)ay + qée)lMsyT dt = opsrk - QISSyT (1)
dl dls,
cjl‘z/,{Sh = ayIv, v + (1= @QanvIv,r — (v + b)) Iy, Th = asls,u = (s + us)s,
dI Ui,
C]Zabz — q59[MSyT _ ’)/MabI[MabI d—tb = GISSyT - /VSabz[Sabz
dR dRaba:
dar Yala,, +ymln,, +7vsls,, a VMape Mare F VSaro LS ane
dD
E = MMIMsh + ,LLSISsh

24



Parameter values
Relative Infectiousness Modifiers

The values of v4 and vys are not well characterized in the literature and would benefit from addi-
tional clinical research. For the purposes of this study, we find feasible values for these parameters
(va = 0.250, vp; = 0.600) through a combination of literature review and expert elicitation. We
know that severely dehydrated cholera patients have the longest duration of diarrhea symptoms
(with and without antibiotic treatment), and the longest duration of culture positivity (with and
without antibiotics) 391 Counter-intuitively, the least dehydrated cholera patients with diarrhea
had the second longest duration of diarrhea symptoms!®”). We assume that more days of diarrhea
with less dehydration is indicative of lower volumes of stool. We further assume that lower volumes
of stool equates to less bacteria released into the community, (i.e., less transmission). Finally, we
assume that an absence of symptoms leads to better stool management (e.g., more likely to safely
dispose of stool in covered pit latrine), further decreasing transmission for asymptomatic cholera
patients compared to severely symptomatic cholera patients.

Similarly, v, is not well characterized in the literature and would benefit from additional clinical
research. For the purposes of this study, we find a feasible value for this parameter (v, = 0.500)
also through literature review and expert elicitation. It has been shown that among cholera
patients treated with antibiotics, the proportion of patients testing positive by culture decreases
rapidly over the first 2 days after treatment, with no culture positives individuals by day 4>
Similarly, it has been found that cholera patients were culture positive an average of 2.6 days after
antibiotics®"l, whereas other studies documented an average of 1 day of stool culture positivity
following antibiotic treatment "), While these estimates speak to the rate at which cholera patients
treated with antibiotics recover, recovery is not a binary process where shedding is immediately
halted. Therefore we opted for a conservative estimate of half transmission to encompass the time
spent transitioning from the start of treatment to recover
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Final Size Equation Derivation

We rewrite here the relevant equations of the system and give them individual labels for reference.

s
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The following method avoids using (f.1) and (f.2) to avoid complications from the force of infection
A.

To find the final size, we integrate our equation over the time interval from 0 to ocol*”). We start

by setting the infected state equation integrals equal to 0 to simplify each equation in terms of
[ Edt.

From setting the integral of (f.3) = 0:

Py / Edt = ay, / Iy, vdt = / Iy, udt = 72U / Edt
0 0 0 0

Qpnr
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From setting the integral of (f.4) = 0:

0 0

From setting the integral of (f.5) = 0:
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From setting the integral of (f.6) = 0:

q(;e/ ]Msdet = /yMabm / ]Mabmdt =
0 0

From setting the integral of (f.7) = 0:

JpA/ Edt:"yA/ [Ashdt:>
0 0

From setting the integral of (f.8) = 0:
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0 0

From setting the integral of (f.9) = 0:
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From setting the integral of (£.10) = 0:
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We then find the final sizes of the desired states in terms of f Edt.
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From the integral of (f.13):
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From the integral of (f.14):
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From the integral of (f.15):
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From here we want to find the [ Edt to plug in above. We will use the trick of dividing both sides
by S. From there we integrate and plug in the integrals from the infected states found above.
(f.12) then integrates to solve for [ Edt.
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Therefore
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From here we use (f.16) to put all of the pieces together:
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We continue to solve for s, where ss, = Soo/N.
R

(Soo — N)N = In(S) — In(N)
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N
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Importantly, this is the standard result for typical SIR and SEIR models as well.

So if we have - N
/ Edt = —=(In(Sp) — In(Sx))
0 R
and

Soo = €507 1) (2)

then we can get equations for the final sizes for R,,, R, and D by plugging these into the
equations for R0, Rapreo, and Dy, above after solving for s, numerically.
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To study the proportions of individuals in each class, we divide out N and will call the proportional
final sizes runco = Runoo /N, Tabzoo = Rabzoo /N, and do, = Dy /N.
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High and Low Parameters

We calculate our threshold values for the OPT and DUT for the low and high values of the
parameter ranges in Table 3. We find Rg,y = 1.59 and R, = 1.53 for the low end of the
parameter range and Rg,; = 1.36 and R, = 1.24 for the high end of the parameter range (Figure
4).
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