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The CURE Children’s Hospital of
Ueandahas Ireated >_10,000cases
ofHydrocephalussince 2001
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The CURE Children’s Hospital of

Uganda has Treated > 10,000 cases
of Hydrocephalus since 2001




Global Hydrocephalus

400,000 New Pediatric Cases Per Year

AMR-US/Can TA00 D20 .
AMR-L 10,948,403 15,972 53,241
EMR 17,394 811 11,493 38,309
EUR 11,447,692 — 15,968
~ SEAR 37,525,360 16,073 53,578
WPR 24 320 979 10,874 36,247
| " d i * Worldwide 14242188851 162,852 383,724

96% In Developing World
Annual Incidence (per 100,000 births)

120 500
Dewan et al, J Neurosurg Peds 2018



Optimizing Hydrocephalus Treatment



NICHD Randomized Clinical Trial in Africa

* 100 Infants: 51 Scope, 49 Shunt
* Primary Outcome: Bailey Scale Infant Development Cognitive Score

Scope Shunt

Ventriculoperitoneal Shunt Placement

VS

From Psychlopedia

Kulkarni et al, New England Journal of Medicine 2017
ClinicalTrials.gov number, NCT01936272



Towards Predictive Hydrocephalus Treatment

Brain Volume (rnrr?)

Male

Female

ormative Brain Growth
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Age (Years)
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Mechanical feedback as a possible regulator
of tissue growth

Sovis L. Shraiman’ PNAS 2005




Postinfectious
Hydrocephalus




Postinfectious
Hydrocephalus

Neonatal
Sepsis




Neonatal Sepsis

Meonatal Monality rate
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Let’s Work Backwards ...

Infant Hydrocephalus
Transmission

Neonatal Sepsis @

Environmental &
Climate Factors

- Rainfall
- Soil Hydrology

- Water Supply




Proportion

Relative abundance
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Paulson, Williams, Hehnly, Sinnar, Zhang, Ssentongo, Mbabazi,
Wijetunge, von Bredow, Mulondo, Mishra, Kiwanuka, et al, in preparation

 Propionibacteriurr
. Streptococcus

Pseudoclavibacter
- Pseudomonas
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. other



Paenibacillus thiaminolyticus Mbale

Reference: 6.6Mbp

2033: 6.9Mbp

6kb phage 280kb phage
Region 2
Region 11
Region 10 __.,
.
on 8
.
—
~ _‘ Hegion 1
\\ Region 2
~eiol ]J!
Heglon 2 i
W Intact (score > 90) Region 3
Regnm

¥ Questionable (score 70-90)
] incomplete (score < 70)

2033 with Ref Blast




Paddy Ssentongo
Christine Hehnly

.
i

~ il
Al
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Is There a Viral Background?



Table 2: Viral Results

Viral Summary Results VirCapSeq-VERT PCR RNA-Seq
PIH (64) NPIH (36) PIH (n) NPIH (n) PIH (64) | NPIH (36)

Viral reads CSF Blood CSF Blood CSF CSF
8 18 (64) 9 (35) 0 (36)

Human Papillomavirus 8 8 0(64) | 0(64) | 0(39) | 0(36)

Human Pegivirus / GBV-C 3 1 |

Human Herpesvirus 6A 1

Human Herpesvirus 6B 1 2

Human Rotavirus 1 1

Torque Teno Virus 2 1

Human Parvovirus (B19/V9) 1 2 (64) 0 (36)

Norovirus 1

Merkel Cell Polyomavirus 1

Circovirus 1

No Viral Reads 43 21
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Latitude

Classification based on Latitude and Longitude
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So Now What?

* This testing is very expensive and slow

* None of this scales globally

* And at point of care need instant prediction
* Organism Probabilities
* Antibiotic Recommendations

Let’s use the tools from SIAM DS ...



P3H

Predictive Personalized Public Health:
A Novel Paradigm to Treat Infectious Disease

An Optimal Control Approach



Precision Fusing Village Location and Rainfall Data

C ‘/ Satellite Climate Grid
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lage Mapping

Ssentongo, Muwanguzi, Eden, Sauer, Bwanga,
Kateregga, Aribo, Ojara, Mugerwa, Schiff,
Scientific Reports, 2018
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A 44,000 Villages fused with Satellite Grid B Cumulative Rainfall mm 2016-2017
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A 44,000 Villages fused with Satellite Grid B Cumulative Rainfall mm 2016-2017
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Population Fused with Satellite Grid

C

US Space Shuttle Radar Mapping




A 44,000 Villages fused with Satellite Grid B Elevation m (Space Shuttle Radar Mapping)
4.0 e : i D
v : M
= .
5
=
=
- Ho !
e rara 13
i
HHY
108 tﬁ :

[y e——T=

i Longitude

Sci Rep 2018 = Juba ’%:

Population Fused with Satellite Grid

C

e faw Jmem

« Nairol
o Lake Victoria



30d Trailing Ave Rainfall

Neonatal Sepsis leading to PIH,
Neonatal Sepsis
[ ND Seps|5 Ep NEﬂ'ﬂEltElll 380 cases

. . . Sepsis
—— Paenibacillus Sepsis

Onset
Rainfall Mean
i EaEEEN ﬂ: ESD

Controlled for Time % 25D
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30d Trailing Ave Rainfall
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A 44000 Villages fused with Satellite Grid g . Cumulative Reinfall mm 2016-2017 Population Fused with Satellite Grid . Elevation m (Space Shuttle Radar Mapping)
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P3H

Two Questions at Point-of-Care:

1. When did the infant get sick?
2. What village are you from?

Use model to predict:
1. The most likely organisms
2. The best choices of available antimicrobials



Optimal Control: S.1.R.H.

Adult

Population
N 1 (1-d)C

Prevention p(t)*S

Children

(1-d-p(t) —(1-p(t)k)*s| > 28 days - R

Treated
— Recovered
i T{t}l Treated
susceplinie Infected = Hydrocephalus
Neonates Untreated Recovered
— Untreated
ul

dS




Optimal Control: S.1.R.H. S = b—dS— (1 p(t)Sk(x.v.0)
I'=(1—=p()Sk(x, y,0)—(d+d, +u)l -T(1)]
R'=ul—(d+d )R —hR
R'=T(t)[—(d+d)R —hR

H'=hR +hR —(d+d )H
N'=S+1+R+H

With T. Berry and T. Sauer

= R” + R

Treated
_.T(T)I Recovered

. Treated
Susceptible e Hydrocephalu
Neonates Untreated Recovered
—ug Untreated
ul

ds di | dl




Estimating and Predicting Risk: k(x,t)

PIH ; NPIH Log Gaussian Cox Process Estimation

?%{ & a:-:* A(JC) — exp{a + ﬁd(X) -+ S(JC)}

'}f'f- '~;" &} % -1.:I :l-1 35 = ] f'eu .'.L' m 2 n '.l.*. .'.'.~ = m A’ ( ) d
u,
PPH 2 PNPIH

With X. Li, M. Haran, M. Ferrari

Vanhatalo algorithm



Sustainability is a Control Optimization Problem

Maximize

10 15 =0
Age (Years)




Latitude

Sustainability is a Control Optimization Problem
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