Polio eradication: How technologies  JohnVertefedille, PhD
Chief, Polio Eradication Branch

are helping us travel the last mile | coc
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Polio is a crippling and potentially
deadly infectious disease caused by
the poliovirus. Spreads person-to-
person and causes paralysis in 1 out
of 200 of infections

What is Polio?

Only one serotype of Wild
Poliovirus (WPV1) is still in
circulation globally

Improved sanitation and polio vaccination have resulted in
eradication of Type 2 (September 2015) and Type 3 (October 2019)
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In 1988, GPEI started upon the bold |
mission to eradicate polio INITIATIVE



POLIO CASES (THOUSANDS)

Wild Poliovirus is currently circulating in two countries: Pakistan & Afghanistan
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Reaching the
last child and
traveling the

last mile
requires new
Innovations

&

The Eradication Program Faces
Challenges

Insecurity: limits the reach of vaccination
campaigns and threatens the safety of
polio volunteers

Poor health infrastructure: Limits vaccine
coverage through routine immunization
allowing continued transmission

Changing epidemiology: new outbreaks
of cVDPV2 stretch the resources of the
program



Ward Level Access in Borno, 2016

Challenge: Insecurity in North East Nigeria allowed transmission
of Polio to continue undetected for years



Inhabited through 2016 rainy season  Apandoned between 2016 and 2017 rainy seasons
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e _ - ' . Program now using
Solution: satellite imagery with machine learning reviews machine learning to

thousands of settlements annually estimate percentage
of structures intact




CDC data integrated into VTS
Assessments modify VTS settlement level
population estimates:

Example settlement
VTS baseline population = 100

Intact percent = 150%
Inhabitancy = fully inhabited
Adjusted pop = 150

Intact percent = 75%
Inhabitancy = partially aban.
Adjusted pop =75

Intact percent = 100%
Inhabitancy = abandoned
Adjusted pop =0

Satellite images used to adjust the size of the population




Borno State: ‘ : 0

Inhabited Settlements* and Vaccination Contacts** ’ -
August 2016 - March 2018 B g &Abadan

*Settlemefits with signs of potenial habitation visible in satellite imagery
**Areag’with GIS evidence of visits by vaccination teams
ingeparate rounds

Estimated Population (VTS +satellite)

e o Using GPS, we
o 501 -2000 .
2001 - 10000 now track which

settlements are
visited by

() 10001 - 30000
(_) 30001 - 200000

Vaccination Contacts

vaccination

0 .

1-2 campaigns and
: 35 estimate the size

6+

CAMEROON of the population
missed

Estimated u5 children
by # of contacts

0 contacts: 132,546
1-2 contacts: 44,888
3-5 contacts: 42,849
6+contacts: 652,224

Centers for Disease Control and Prevention
Agency for Toxic Substances and Disease Registry Last edited on: 2018 Apr 25
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Challenge: Poor infrastructure creates barriers for even basic tasks
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Vaccines

Last Mile
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Solution: Drones can help overcome challenges with

landscape and maintaining cold chain to help deliver
vaccines and return surveillance specimens



Currently the technology is being piloted in
Papua New Guinea and Cameroon

Phase | (PNG)

Building foundations for learning, capacity
building

Introduce stakeholders to technology

Test how quickly drone team could be
deployed and flight permission secured

Phase Il (Cameroon)
Implement flight routes

Collect a lot of data to evaluate value and
inform future project planning

Plan for sustainability and scale up



Challenge: Poor understanding of weak links in the

complex co

Point of Collection

District Health
Facility

|
aatd

d chain for specimen shipment and vaccines

Provincial Health Facility

Case Investigation
Form (CIF)

Intermediary storage: if not
shipped same day as collection

From point of collection to province-level health facility



Challenge: Poor understanding of weak links in the
complex cold chain for specimen shipment and vaccines

Provincial Health Facility CPHL
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From provincial facilities to the National reference laboratory (CPHL)



Solution: Study using LogTags in Papua New Guinea identified
commercial shippers as the weakest link in the cold chain
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Finding used to inform
conversations with
commercial shippers to IR

improve cold chain

Stored at provincial
health office Coleman
Cold box

Commercial Shipper, transported with Styrofoam box
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Solution: Vaccine Vial
Monitors (VVM) provide
an easy way to monitor if
vaccines have been
outside cold chain too
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Challenge: As we move to
eradication, we need more
environmental surveillance
to detect virus without
reliance solely on
surveillance of paralytic
cases



program uses the “Two Phase” method for separation of ES samples

~ L 287 mL 29%
sample | PEG, 395
mL 22%
dextran,
500 mL aliquot 35 mL 5N
centrfuged 1500 xg, NaCl Held overnight at 4°C
20 minutes. Pellet Lower and interphase
stored at4°C Mixed 1 hour. Added collected and
Coliction Supernatant retained to separatory funnel combined with pellet
Sample collected in a
1-L bottle Two-phase separation PEG/dextran concentration

Figure adapted from: https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0200551



https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0200551

Solution: Development of cheaper, more sensitive CaFE method
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11 um filter

Collect sediment and extract
Virus




CaFE method is more sensitive than
traditional Two Phase testing (n=119)

Two Phase Two Phase
CaFE NPEV* CaFE Polio
Positive  Negative Positive  Negative
Positive 63 @ Positive 3 @
Negative 2 13 Negative 1 101

The CaFE method detected 23 additional non-polio enteric virus and 14 additional polio

viruses than the traditional Two-Phase method
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Challenge: Oral Polio Vaccine (OPV) can, in very rare instances, Globally we are

revert back to its neurovirulent form and cause outbreaks of responding to outbreaks

cVDPV in under- immunized populations in 16 countries due to
cVDPV2




Solution: Development of novel OPV (nOPV) which is
genetically stable and less prone to revision to
neurovirulence

nOPV2 — 1b

cre X 15 UTR modification Two vaccine candidates use
— - 2. Cre relocation the original Sabin vaccine
N —AAA 3. HiFi mutations .
T 4. Rec mutations strain as a backbone

HiFi/rec mutations

Attenuated virus is mutated
to be more genetically stable

; nOPV2 — 2a
cre f 1. 5 UTR modificaton
- 2. CpG substatutions
P2 P3 —AM 3. Cre NOT moved

P1
A\
|

40% CpG Substatutions




M1 * Jan 25 May 31
’ Belgium, adults 2016 2016

M2 * Oct 23 Apr 27
Panama, kids/infants 2015 2016

’ M4a * May 16 Oct 27
Belgium, adults, contained 2017 2017
M4 * Oct 15 May 08
Belgium, adults 2018 2019
’ M5 * Dec7 Sep 28 * Clinical trials prioritized for clinical development, with focus on EUL submission
Panama, kids/infants 2018 2019

nOPV2 now in clinical trials around the world and Emergency Use
Licensure for outbreaks targeted for mid 2020







Call to Action: Can we better anticipate cVDPV2 outbreaks?
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Can big data solutions help us
s process data faster for improved

decision making and more
efficient responses?
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