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I CHIKUNGUNYA VIRUS (CHIKV)

« Mosquito-borne, viral infection

* First described in Tanzania in 1952 — derived from Makonde
word kungunyala meaning "that which bends up”

 Know to circulate in a sylvatic cycle between forest-dwelling
mosquitoes and nonhuman primates in Central/East Africa

« Symptoms include fever, rash and severe joint pains that may
cause stoop posture

« Rarely causes death, but can be debilitating

* Neither vaccine nor specific medicine are available for
Chikungunya

« Loss of Duty Days due to sickness

« Economic impacts — especially tourism during epidemic
periods

 Episodic epidemics and outbreaks across the tropics

 Transmitted by Aedes aegypti and Aedes albopictus
mosquito vectors




BACKGROUND AND MOTIVATION

Chikungunya outbreaks in East Africa and Indian Ocean Islands — drought-associated [Chretien JP et al.,

2007]

ENSO teleconnections — opposing anomaly conditions between Rift Valley fever (wet and cool) and
chikungunya (hot and dry) in Africa and SE Asia [Anyamba et al., 2012]

Chikungunya spread —
mutation of East/Central Africa
genotype enhance
transmission by Aedes
Albopictus to Asia and other
areas [Zeller et al., 2016]

Global spread — Italy (2007),
Americas (2013 — to present)

Effect of drought / temperature
Induced dehydration on blood
feeding frequency [Hagan et
al., 2007]
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CLIMATE ANOMALIES

« Chikungunya activity in eastern Africa and southeast Asia, 2004 — 2007
« Hot and dry conditions persist in locations reporting chikungunya activity

Land Surface Temperature, Jun 2004 - Aug 2004

Rainfall Anomaly, Dec 2006 - Feb 2007
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PROJECT OVERVIEW
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Science + Technology Activity

TRL 7 — We have demonstrated the technology
TRL 8 — Field testing with field application this year

Component 3 Com ponent 4

CHIKRisk App

Historical CHIK
outbreak location map

Observed/current climate
and population map

Climate-based

historical and current
month CHIK risk map

Climate seasonal and
sub-seasonal forecast

Climate-based CHIK risk
seasonal forecast map

CHIKRIisk App addresses

« Where has chikungunya activity
occurred

« Where is it occurring now

« Which regions are currently at risk for
chikungunya
« Which regions are at risk in the future

Products
« Monthly chikungunya risk map

» Forecast risk map (up to 6 months lead
time)

 Locations of reported chikungunya
occurrence

Customers

» Defense Health Agency — Armed
Forces Health Surveillance Center

« Pan-America Health Organization



CHIKRIsk App

Raster Layer Point Layer Polygon Layer

PNG Format 2000-2015 manthly
GeoJSON Format

Land Surface Temp

<, &

T - q
1978-2015 Monthlye

HTML Map
Container

Precipitation

4

H.x Utilities

y Leaflet A& Highcharts £ cSS

@ Python  § HTML 5 GeoJsoN
“I ) “ ) LT e
] JavaScnpt,,.‘-;, jQuery ~3 Data-Driven-

ane GDAL 2 Bootstrap Documents

1
1
1
1
1
1
1
:
1979-2015 Manthly !
1
1
1
1
1
:
F'opulatlon Densﬂy !

1

"y .
= 'w-a "‘ -
- " o]
e pL

1 -
2010 & 2015 Annually E Level 1 Map Tiles

1

| 0 et Level 3

i 21 3" 000 | 001 | 010 | 011 | 100 101 110112

i 002 [ 003 | 012 | 013 | 102 {103 112113

Risk Map 020 024|030 | 03 130[131

1
1
1
1
1
1
1
1
1
1
1
- 1
L 1
L 1
L 1
. 022 023 |'p3asp=0d 123|132 133 | |
. H
1
1
1
1
1
1
1
1
1
1
1

. Level 2 200,/.307 [ 210 | 211 3QL 4 81067311
Eg" 217 10 Je+*[202 (203 [ 222.} 2277 303 |31
02 120 13 |.ee{Z0 231 | 230 231 | 320 [ 321 [330 (331

2013-2015 Manthly




CHIKUNGUNYA HISTORICAL OCCURRENCE DATA

Main Resource * Reported outbreaks catalogued and
georeferenced based on closest “named” location
ProMED

INTERNATIONAL SOCIETY
FOR INFECTIOUS DISEASES

. Supported b:
ProMED-mail PP Y
) mmtrust A B c D E F G H I J K
About ProMED-mail» . . .
Region Country SubDiv LocationType DateStart DateEnd Local Imported Imported From TotalCases Lat
South America  Brazil Sao Paulo State 12/8/10 0 2 Indonesia 2 -23.5432
- South America  Brazil Rio de Janeiro State 12/8/10 0 1 Indiana 2 -22.3534
HOt Toplcs o ny Colombla / week 08 [week ending 26 Feb 216]/ 7869/ 50/0 0 Caribbean UK Virgin Islands  Jost Van Dyke Island 12/5/13 1/13/14 3 0 3 18.4463
. R Caribbean UK Virgin Islands  Jost Van Dyke Island 1/1/14 2/7/14 6 0 6 18.4463
A Venezuela / week 09 [week ending 4 Mar 2016] / 1699/51/0/0
Latest Posts on ProMED-mail 9] Sou / C 9 1 L0 South America  French Gulana Kourou Town 1118 271914 2 0 2 5.1611
" — South America  French Gulana Sinnamary City 3/7/14 1 0 1 5.3747
_ . Southern Cone
30 NOV 2017 MOnkeypOX Afnca (19) ngerla L’:: Argq _,_u " Caribbean Daminican Ranuhlic Nigiia Miinicinality a/ala nfirmad authre - - 18 3813
30 Nov 2017 Anthrax - Kenya (07): (BO) bovine, human, susp htte| [Maf Argentina / week 08 [week ending 26 Feb 2016] / 0/ 30 / 25 /0 Caribbean|| 4
R o R and| and Caribbean||
30 Nov 2017 Yellow fever - Africa (15): Nigeria Nor{ htp| [Maps showing the location g afties mentioned above Carlbbean
30 Nov 2017 Meningitis, meningococcal - USA (06): (MA) college, sg.B, mass Cen| and | @nd below can be accg s Caribbean -
. i Sou| Nort} http://www.cdc.ggf Q60214.jpg South Ame
sg.B vaccination Cenq and http://heg Caribbean||
. ) R Casl North Amepj Caribbean,
30 Nov 2017 White spot syndrome, prawns - Australia (04): imported prawns b Soul Certala osta Rica. 4 Mar 201 6 Caribbean .
30 Nov 2017 Chikungunya, Zika viruses - Brazil: (RJ) climate, urbanization, Casq South § . . -

Cen| numj

transmission —|"sf (reported) 1167 cases; Localities
most affected: Central Pacific
30n::vC:§'?Y7TAZningitis meningococcal - USA (06): (OR) college, sg B http| C coasi_: 555 CaSGS; GuanacaSte
‘ ‘ ‘ Ho s ] province 372 cases

30 Nov 2017 Legionellosis - USA (23): (IL) vet home, updated water treatment, Pac

29 Nov 2017 Measles update (55): South America, US, Europe, Africa httd httg

29 Nov 2017 Crimean-Congo hem. fever - Mauritania (02): (NN) den :3,; 50-d

29 Nov 2017 Anthrax - Thailand (02): (TK) human, caprine, ex Myanmar, new Ca" den :{“{:d/“/
cases Jam| carif 9engue-gra

29 Nov 2017 Influenza (34): WHO global update o el P

29 Nov 2017 MERS-CoV (74): Saudi Arabia (AS, RI, QS) siil ::k Samiica: ib M S0 5. ... e it gt

29 Nov 2017 Streptococcus, group A - Canada (05): (ON) fatal, under-housed, http://jamaica-gleaner.com/article/news/20160310/st-catherine-records-two-ns
IDU, comment 1A Sou MIECeas

Argg South America
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CHIKUNGUNYA HISTORICAL OCCURRENCE DATA

Other Sources:

saav Armed Forces Health Surveillance Branch
f‘@} (AFHSB) Health Surveillance Update (AHSU)
" reports — for confirmation (2014 — Present)

2 Pan American Weekly, country-level, chikungunya

jJHealth — pylletin for the Americas, 2014 —
¥ Organization 2017

Literature — searched through PUbMED
for outbreaks prior to 2000; Local Ministry
| of Health publications, including CDC
MMWR

ProMED, 1999 to present
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CLIMATE AND ANCILLARY DATA

. . . Coverage Resolution Processin
Geophyisical Variable Dataset . & . . g
Spatial Period Spatial Temporal Status
?é(;gil)Preupltatlon Climatology Project Global 1979 - Current  1° (100 km) Monthly v
‘Tropical Rainfall Measuring Mission ! 50°N-50°S, ., . . . __ e
. (RMM)3B82 180°w-as o0 2015 02(25km) - Monthly - Bxcluded
GPM-3IMERGHH Global 2015 -Current 0.1°(11km) 30 minutes Excluded
Elll\lr:;ite Prediction Center Unified (CPC- Global 1979 - Current  0.5° (50 km) Daily J
CPC-UNI Morphing Technique (CMORPH) Global ~ 1998-Current  8km  30min
Moderate Resolution Imaging o .
Land Surface Temperature Spectroradiometer (MODIS)* Global 2000 - Current  0.05° (5 km) Daily v
Near Surface Global Land Data Assimilation (GLDAS) Global 2000 - Current  0.25°(25 km) 3-Hourly, v
Temperature Monthly
Specific Humidity Global Land Data Assimilation (GLDAS) Global 2000 - Current  0.25°(25 km) ?\;:1?1:?::»&? v
Vegetation Index Moderate Resolution Imaging Global 2000 - Current 250 m 16 da Excluded
& Spectroradiometer (MODIS) Y
Soil Moisture Global Land Data Assimilation (GLDAS) Global 2000 - Current  0.25° (25km) ?\/Ili(r)\:;:&; v
Elevation Shuttle Radar Topography Mission (SRTM) Global 90 m
Population NASA Socioeconomic & Social Data Center Global 1 km v
Rainfall & Temperature = The North American Multi-Model Global 1° Monthly, J
Forecasts Ensemble* (100 km)  3-Monthly

* Available in CHIKRisk App



ANALYTICS: STATIC/ BASELINE
INPUTS

> ¥

B

d m’-k.
P

Population Density, 2015

Potential epidemic area

Mosquito vector locations

« VectorMap (Walter Reed Biosystematic
Unit)

« VectorBase (National Institute of
Allergy and Infectious Diseases (NIAID)
Bioinformatics Resource Center (BRC))

-

= Suitability

Derived from climate envelope and chikungunya locations



CURRENT CHIKUNGUNYA RISK MAPPING

Based on observed climate and historical chikungunya locations Population density
90 Climate Variables Machine 2514 point locations i s, s 4
Learning-Based chikungunyaipresence S o ,,ga
Land Surf anomaly and pseudo-absence - e - . 2R
emperature Models (2000 — 2017) ‘ .

Temperature
* Repeated |0-fold

Precipitation monthly i dagi . . #
i cross validations Population Density Potential epidemic area
* Final model is

Air
Temperature 3 selected based on
Specific monthly classification accuracy
Humidity for data that had not
| 'and 2 been used in training
Soil Moisture months the model .
lags

Mosquito vector locations

E ™
PRI

Chikungunya

Accuracy
(calculated based on data not used in Risk Map
training the model)

Partial Least Square 0.808 (0.605, 0.775)
Neural Network 0.816 (0.783, 0.846) :
Random Forest 0.889 (0861, 0912) 8 = O Ae.Aegypti B AeAbopidud B Both
Support Vector Machine 0.815 (0.782, 0.844)




CHIKUNGUNYA FORECAST

Substituted observed/assembled climate data with climate forecast

4 Climate Variables

anomaly
Precipitation
Air monthly
Temperature
3
monthly

Random forest had highest performance
with accuracy of: 0.859 (95% CI: 0.829,
0.886)

Machine Learning-Based
Models

* Repeated 10-fold cross validations

2514 point locations

chikungunya presence and pseudo-
absence (2000 — 2017)

* Final model is selected based on
classification accuracy for data that had Population Density

not been used in training the model

Risk Pb

Model

Forecast Generation

Substitute air temperature and precipitation
anomalies with forecasts data

Chikungunya

Forecast Risk
Map

13



SAMPLE RISK MAPS

Chikungunya Risk for November 2019
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I VALIDATION

20 4 Current Risk Maps L Forecast Risk Maps
Jan - Nov 2019 v Initialization Between Jan - Nov 2019
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Predicted Risk Predicted Risk
~ 80% of reported locations with chikungunya ~70 % of reported locations with chikungunya
activity were predicted to be at risk by the activity were predicted to be at risk by the
current risk maps forecast risk maps
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CHIKRISK APP https://vbd.usra.edu
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SAMPLE DoD PRODUCTS

Chikungunya Risk Forecast for July 2020
Forecast Chikungunya Risk, October 2020
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Geographic Distribution of Chikungunya Cases: October 2019 to Present

Defense Health Agency/ Armed Forces
Health Surveillance Branch - Global
Emerging Infections Surveillance
(GEIS)

Provide surveillance and risk forecast
products to support Combatant
Command Force Health Protection
(FHP) Decisions (pre and post-

. . .
SN Number of locations reporting chil by month ° d e IO I ' le nt
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PROGRESS
« Upgrades: App and Functionality — deployment early October 2020

* New look map graphics

* Time Series
* Light weight — user oriented data

e
LEGEND q
Chikungunya Forecast
Risk
B 075 1)MighRisk

{05.075)

(0.25,05)

(0, 0.25) [Sultability Mask]

vio

Not Appiical

Forecast Risk for October 2020

©2020U ties Space Research

© 2020 Universities Space Research Association(USRA)
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HIGHLIGHTS-1

* Featured Earth Observatory story to showcase the application of
NASA Earth Science Data and Models: Of Mosquitoes and Models:
Tracking Disease by Satellite
https://earthobservatory.nasa.gov/features/disease-vector.

July 2020 Chikungunya Forecast Risk
|
Low High "


https://earthobservatory.nasa.gov/features/disease-vector

HIGHLIGHTS-2

« Featured on Netflix Connected series - The Hidden Science of
Everything documentary with Latif Nasser Episode 5: Clouds showcasing how
NASA satellite derived climate data, disease data from a variety of sources, in situ
mosquito vector data is used to map and forecast areas at potential risk for disease

outbreaks qglobally

May 06, 2014
> Pl o) 0:19/1:55

https://www.youtube.com/watch?v=B-aZrftUPIk



https://www.youtube.com/watch?v=B-aZrftUPlk

HIGHLIGHTS-3

17 Rooms Flagship (virtual) Summit, September 20, 2020

Structured based on Sustainable Development Goals (SDG’s)

iy Organized by The Brookings Institution & The Rockefeller Foundation

' ROOMS~ Contributed to Room 3 Initiative on Transforming National and Global Epidemic

“‘ Intelligence Systems aimed determining systems, methodologies and
infrastructure that will better prepare us for future outbreaks and pandemics

* Recognized the importance of the One Health Approach

 Reported to Amina Mohammed, Deputy Secretary-General, The United Nations.

* Implementation will be through UN Country Teams

® zoomus Meeting View Edit Window Help Q@ D % Bl G = 100%BF Sun12:37PM Assaf Anyamba Q @ =
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CHALLENGES

* Budgetary Challenges — look to continue in FY2021
« Computational Resources
* Fleldwork



