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Environmental change and health impacts

@) e eI ¢ "“)3“9/ (V)Vorld Health

¥ ORGANIZATION LY Organization

Global Framework for climate services

* Transform climate information into relevant, usable decision- CLIMATE SERVICES
support tools. FOR HEALTH

* Manage the risks of environmental change. improving public health

decision-making in a new climate

O
CASE STUDIES

Key components

* Partnership, Research, Product development & delivery

* Evaluation, Capacity building

e Co-developed by health and climate professionals.

g,
N
#0') GFCSHEALTH
. GLOBAL FRAMEWORK FOR Lowe et al. Dengue EWS
CLIMATE SERVICES Lowe et al. Capacity Building




From global observations to local interventions
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Early warning and response systems

* Early warning systems that account for multiple
disease risk factors can help to implement timely » _
Prediction Surveillance
control measures. é
* Seasonal climate forecasts provide an opportunity £ E— "
to anticipate epidemics several months in advance. ¢
o Early
cases
* Bayesian model framework used to make T
probabilistic statements about future disease risk Climate | | opcervations
b bl f : d : d : forecasts
(e.g. probability of an epidemic during a mass
gathering or natural disaster)? Time
LONDON
SCHOOLof
HYGIENE §&




Integrated: Prob. of most likely precip. tercile (%)
Issued: Feb 2014  Valid for MAM 2014

Dengue in Brazil ( j

* Model framework developed in collaboration with (Reece]
European-Brazilian climate and health institutions.

* Data (dengue, climate, cartographic, demographic, I
socio-economic) to formulate model, produce A
probabilistic dengue predictions for >550 microregions.

* Optimum trigger alert thresholds determined for
scenarios of medium-risk and high-risk of dengue, ... A
according to incidence alert levels defined by the —ka e, g
Ministry of Health. Bl




a Amazon

Model framework : HH

Counts of cases in

space and time
Random intercept

for ecological zone Spatially (un)structured random effects

yst ~ NegBIn(uSt’ K) Zone
B Casings
O Cerrado
g g;imApﬂ:mnc Rainforest p

tl(t) + wtl(t)’sl(s) . O Pantanal

B SE Atlantic Rainforest

log(u,,) = log(ey) + a+ Oy + ZBjxjst+ szstt + 6z, + d.+ U + W
B S Atlantic Rainforest

- L S ) ‘4,

Offset: Climate and non- Current cases Random month effects ]
expected cases climate effects by ecological zone 5 ‘ ] ]
il | |
LONDON
Problem lack of data to model disease system ?%I({é%g&"]’;

Solution Bayesian hierarchical mixed model - add extra level uncertainty via random effects =~ SITROPICAL Q@A




Probabilistic dengue forecast

A Medium

X

Low High

Forecast

/

2

2008

‘\9_/1'\\,

4

b 2008
DIR category
O Low

0 Medium
B High

Observation

Dengue risk forecast South East Brazil during epidemic February-April 2008.

Category boundaries: 100 and 300 cases per 100,000 inhabitants.

Lowe et al., 2013, Stat Med
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Real-time dengue forecast for Brazil

Lead time (month)

-
-

4 3 2 1 0
Climate Ministry Observatory
centre of health Dengue
Seasonal Latest forecast
climate dengue issued
forecasts  cases
issued collated
Climate forecast valid for Dengue forecast valid
three-month season for the month of June
AN AL
yll N v N
Feb Mar Apr May Jun

Time (month)

O
=
O
O

X

100% Low
100% Medi
100% High
Benchmark

-~ Manaus
T~ ‘.‘

A

um

Qgiaba

RPN

OF

\ )

~, Fortaleza
' Natal
4

¥ Recife

/
# Salvador
Brasilia ‘

)
Belg Horizante
RN o
e Rio de Janeiro

1 Sao Paulo
{ Curitiba
/

;;",';/,«"'i?orto Alegre

e Early warning framework applied to predict dengue risk 3 months ahead of World Cup in Brazil.
e (Category boundaries: 100 (medium risk) and 300 (high risk) cases per 100,000 inhabitants.

Lowe et al., 2014, Lancet Infect Dis
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Policy and outreach implications

* Complimented the national dengue control programme World Cup action plan.
* Results disseminated to the general public & travellers (BBC, NHS, ECDC risk assessments).
 Case study in WHO/WMO and UNISDR publications.

BE News Sport Weather apita

NEWS HeaLTH

SECCIONES Salu Sida y hepatitis Cancer Nutricién Biociencia vﬁ \w

Home UK Africa Asia Europe Latin America 1 lea CIENnvironm Consejos Ua‘il‘iiS para los aficionados ) ) ’ “ V

16 My 201 Lt st o 257 1 wos Al Mundial de Brasil, pendientes de ; W
C w2

Brazil 2014: World Cup dengue fever risk un mOS(]UitO e United Nations Office for Disaster Risk Reduction

B
Che New Hork Cimes NewScientist

m ChOICeS Your health, your choices -

RISK ASSESSMENT
Health A-Z Live Well care and support  [[JIER 7 J 4 LONDON
Scientists predict dengue ’l ?%?é}%ﬁﬂ
risk for Brazil World Cup 4 STROPICAL i




Probability of observing correct category

3
f

Fortaleza
Natal

Recife

!

Probability of /
observed category y %

l 100% 4 . Rio de Janeiro
/ Sao Paulo

50% Curitiba
Porto Alegre v
0% ) -
Probability of
low category
B 100%
.
50%
0%

Lowe et al., 2016, elife

Medium

Probability of {
medium category )

o

0% A ‘ ;

l o k. : o
50% J |

-~ .
Probability of , i
high category | &7 4
100% s v el
8 4
50% = }
* // /
0% B 4
4
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Comparison of forecast to null model

10

a

Q
-

b
o] e0)
31 | S
| o
© ©w©
LR =
T kS
o — 4y}
<< o<
o ©mwo
3 ,
o o T
?" J_\? >
o —e— forecast model null model o —e— forecast model null model
o o
2000 2002 2004 2006 2008 2010 2012 2014 2000 2002 2004 2006 2008 2010 2012 2014
year year

Comparison of hit rate and false alarm rate for forecast model (blue) and
seasonal average null model (orange) for June 2000-2014.

Lowe et al., 2016, elife

2014 event

hit rate: 57% (33%)

false alarm rate (type | error rate): 23% (13%)
miss rate (type Il error rate): 43% (67%)

LONDON 42
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From evidence to application to evaluation

Contents lists available at ScienceDirect

Computers & Geosciences

Formulate

journal homepage: www.elsevier.com/locate/cageo

Spatio-temporal modelling of climate-sensitive disease risk: Towards an
early warning system for dengue in Brazil Statistics

Rachel Lowe®*, Trevor C. Bailey?, David B. Stephenson
Marilia Sa Carvalho 9, Christovam Barcellos ¢

Develop

Research Article

Received 22 August 2011, Accepted 3 July 2012 Published online 24 August 2012 in Wiley Online Library

(wileyonlinelibrary.com) DOL: 10.1002/sim.5549

The development of an early warning A I
system for climate-sensitive disease risk p p y
with a focus on dengue epidemics in

Southeast Brazil*

Rachel Lowe,* "
Tim E. Jupp,” R

Marilia Sa Carv - Dengue outlook for the World Cup in Brazil: an early > JONS ® Evaluate
warning model framework driven by real-time seasonal
climate forecasts

W\ eLIFE ©
Rachel Lowe, Christovam Barcellos, Caio A S Coelho, Trevor C Bailey, Giovanini Evelim Coelhc 0 ) 4 lifesciences.ora

Marilia Sa Carvalho, David B Stephenson, Xavier Rodé

Evaluating probabilistic dengue risk
forecasts from a prototype early warning
system for Brazil

The Leverhu l m e Tru St Rachel Lowe', Caio AS Coelho?, Christovam Barcellos®, Marilia Sa Carvalho?,

Rafael De Castro Catao'*, Giovanini E Coelho®, Walter Massa Ramalho®,
Trevor C Bailey’, David B Stephenson’, Xavier Rodé'®




Dengue and other arboviruses
in southern costal Ecuador

* El Oro key arbovirus surveillance site | A
* high burden of dengue
e seasonal transmission (hot, rainy season)
e co-circulation DENV1-4
* recent introduction of CHIKV & ZIKV

Land Use

] Urban

[] Banana plantation
I Shrimp farm

[ Mangrove

[ Pastureland

I Shrub vegetation

* DENV epidemics associated with El
Nino climate events

* Local social-ecological risk factors
e poor housing conditions
* interruptions in the piped water supply
LONDON

e water storage behaviour SCHOOL of
STROPIOAL

MEDICINE
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* El Nifio a robust predictor of dengue
outbreaks in El Oro province.

* Seasonal climate forecasts more skillful
during El Nifio events.

* Forecasts of temperature, rainfall and El Nino
could provide dengue early warnings.

El Oro

El Nifio and dengue in Ecuador

El Nifilo and rainfall association (JFM, 2 mon lag)

2 —— 2001-2010 model
1995-2010 model

El Nifio
® parameter

§N / estimate .

) LONDON 2o
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Climate and dengue data and model

|

' Q Cooler and drier than usual = less dengue

i O Warmer and wetter than usual = more dengue

0

; Y ~ NegBin(p, k)

N — log(u,) = log(p) + log(r,)

Month Month

TT—— 5 |Og(rt) =Q + f(Bt'(t)) + ZVJXJt + 6T'(t)

\ / \ ]| ]| J
| |
Relative Annual Climate Inter-annual
risk cycle variables variation

| —

]

’-

00 g
" | Q 7 A 2 ;: =
- S F M A M J J A S O ND HYGIENE &

Moth Month S&TROPICAL Qg
Lowe et al., 2017 Lancet Planet Health  MEDICINE




Incorporate climate forecast uncertainty

Precipitation b Temperature
o | A
S gg’
S o
E 3(‘3,
o g
je) e
g 2 o
o S ~|
o - =
8,
J F M A M J J A S O J F M A M J J A S O
Month Month
24 ensemble members: precipitation and min. temperature in 2016 0oLy

Ensemble spread included in Bayesian probability forecasts
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Current practice: average over last 5 years

O |
—

log(dengue incidence rate)

8

6

4

2

—e— Mean (2011-2015)
—e— Upper 95% CI (2011-2015)

=

M A M J J A S O N
Month
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Climate-driven dengue forecast, Machala 2016

21 —e— Mean (2011-2015)
—e— Upper 95% CI (2011-2015)
- e - Predicted median 2016
95% prediction interval
w,
84% chance of
exceeding
co,

threshold of
95% upper CI
for previous

log(dengue incidence rate)
4

five years
N,
O,
LONDON &
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Peak occurred earlier than expected

o |
—

4 6 8

log(dengue incidence rate)

2

- Observed

—e— Mean (2011-2015)

—e— Upper 95% CI (2011-2015)

- Predicted median 2016
95% prediction interval

J F M A M

Lowe et al., 2017 Lancet Planet Health

J J A S O N
Month

Timing: climate forecasts
Magnitude: correct misreporting
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Reported dengue: passive surveillance

§ _ B Dengue
o
o
no
0)1—
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o8 |
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o
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Corrected dengue: using active surveillance

1400

Dengue cases

200 400 600 800 1000

J FMAMJ
Mont

0

Stewart-lbarra et al., 2018 AJTMH

B Chikungunya
B Dengue

A S OND
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Active surveillance data improves benchmark
estimates and forecasts

Correct for misreporting due to introduction of chikungunya in 2015

o |

- - e - QObserved =3 - e - QObserved
—e— Mean (2011-2015) —e— Mean (2011-2015)
—— Upper 95% CI (2011-2015) —e— Upper 95% CI (2011-2015)
- e - Predicted median 2016 - o - Predicted median 2016

8
8

95% prediction interval

95% prediction interval

160 cases

6
6

4

log(dengue incidence rate)
4

2
log(dengue incidence rate)

2

o| CORRECTED N UNCORRECTED
JJFMAMUJ J ASON JFMAMUJ J ASON
Month Month
~ . . LONDON
 ~70% of dengue cases actually chikungunya in summer 2015 ilé\%?%é >
* Misreporting doubles the estimate of seasonal averages SIROPICAL NGPALS




Key findings

* First demonstration of the use of long-lead seasonal climate and
El Nino forecasts in a dengue early warning model for Ecuador.

* This study adds value by using
1) real-time climate forecasts for long-lead dengue predictions
2) active surveillance data to correct for misreporting.

* International and interdisciplinary team key in co-designing
prototype.

* Global climate model output transformed to a tailored health
risk indicator, to support decision makers at the local level.

LONDON
SCHOOLof {
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Explosive emergence of Zika virus

State boundaries

Dengue permanent transmission area

Zika difusion
2016

2015

IIIIII2°14

Lowe et al., 2018 Int. J. Env. Res. Public. Health

Aedes sp

Other? .

Sexual transmission

Duration? R0?

Primates

Sylvatic “\*\ Urban
A Cycle

Cycle
Vector Capamty’?
Which?
Where? Attack rate?

% Asymptomatic?
Domestic
/_\ animals?

Vertical
Transmission?
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Capacity building

* School on Modelling Tools and Capacity Building in
Climate and Public Health.

* Tools to access, visualise and analyse
environmental datasets.

* Transform data to input health risk models.

* Participants: early career scientists, PhD students,
public health officials.

The Abdus Salam
(CTP) International Centre m fﬂ??ﬁlﬂzo
for Theoretical Physics OSWALDO CRUZ
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Thank you for your attention!

Questions?

rachel.lowe@Ishtm.ac.uk

‘=) rachel.lowe@isglobal.org

y @drrachellowe

ISGlobal (570X mges;
Barcelona HYGIENE SRS

'3) ol
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