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Earth’s oceans serve as the engine of the earth’s climate and they are closely linked with each other

Climate Change Increases Climate Variability & presents significant Challenges relative to Vector-Borne
Disease
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1. Climate teleconnections to Vector-Borne
Diseases (dengue, chikungunya, Rift Valley fever,
and malaria)



Vector-borne Disease — Climate Links

® Building evidence suggests links between El Nifo/
Southern Oscillation (ENSO) driven climate anomalies
and infectious diseases, particularly those transmitted
by arthropods:

OMurray Valley encephalitis (Nicholls 1986)
OBluetongue (Baylis et al. 1999)

ORVF (Linthicum et al. 1999)

OAfrican Horse Sickness (Baylis et al 1999)

ORoss River virus (Woodruff et al. 2002)
ODengue (Linthicum et al. 2007 IOM publication)
OMalaria (Bouma & Dye 1996)

OChikungunya (Chretien et al. 2006)



El Nifio/ Southern Oscillation (ENSO)

SST: Sea Surface Temperature

Seasonal SST Anomaly, Dec 1997 - Feb 1998
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« Influences the patterns of floods and s "i}‘g’-:\ <
drought on an interannual time scale. (/’L\ . ' :
C

« Extremes have an impact on the e R RS
emergence, propagation and survival OLR: Outgoing Longwave Radiation
Seasonal OLR Anomaly, Dec 1997 - Feb 1998

of disease vectors/pathogens B

« Results in episodic patterns of
disease outbreaks as they dance in
tune with climate variability
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ENSO Teleconnections

through Global Precipitation

Differential impacts at specific
regional locations around the
world

ENSO +| Floods and excess
rainfall in EEA, E.E. Pacific,
Southern Brazil/Argentina,
Southern-tire US

ENSO +| Drought and >+
temperatures (Southern
Africa, SE Asia, NE Brazil, C
Africa

0 30 60
Pearson’s Correlation Coefficient
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conditions)
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From Anyamba et al. 2012 PLOS Neglected Tropical Diseases



Climate change/variability Impact on ecology of vectors/vector-borne

diseases
A. Temperature ‘@ﬁ“
e Affect on Aedes aegypti to transmit dengue virus in Southeast

Asia
e Affect on Ae. aegypti & Ae. Albopictus / chikungunya virus in %/
East Africa, Central Africa, South and Southeast Asia 3 :

/

e Affect on Anopheles species/ P. vivax malaria in Republic of ——
Korea |
B. Rainfall \\
e  Affect on Aedes and Culex to transmi Rift Valley fever in sub- %ﬁ/

= s 1

Saharan Africa




A. Temperature

* Vectorial competence is dependent upon the Extrinsic incubation (El) period
* El =time from virus ingestion to virus in Salivary Gland
* Shorter El period (higher ambient temperature) = greater vectorial competence

UNINFECTEDP ” INFECTED
SAULIVARY GLAND § MIDGUT SALIVARY GLAND



Vectorial Capacity?

c = (HA)APN
-lnPp

HA = daiLa human-biting rate
A = daily rate of blood feeding
P = daily rate of surnival
N = length of sporogownic cycle

(extrinsie tncubation cycle)

TGARRETT-)ONES AND SHIDRAWI 1969



A. Temperature (dengue)

Dengue virus infection produces classical dengue,
DHF and DSS

In Southeast Asia dengue is hyperendemic
DHF is reported, classic dengue is not



Hot -dry periods precede elevated DHF
Elevated DHF is likely the result of short Extrinsic Incubation period in mosquito

Figure Three: Scasona 1 Distribution of Serologically Confirnmed Dengue Cases at Bangkok
Children's Hospital from 1973-1998.
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Recent chikungunya Outbreaks in Relation to Human Population Density

Chikungunya Outbreaks 2004—-2010

From Anyamfba et‘al. 2012 PLOS I\;eglectsd Tropical Diséeases

® 2004.2006 ® 2005 ® 2005.2006 ® 2006 ® 2006.2007 » 2007 2009 » 2009.2010
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Frequency

Frequency

Impact of Temperature on Chikungunya Outbreaks (2004-2010)

East Africa

: # Positive: 75
A . # Negative: 5

n =
Percent Positive: 94%
Pelrceé'ltoNegatlve: 6%
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Frequency

Frequency

Impact of Drought on Chikungunya Outbreaks (2004-2010)

East Afrlca
10 7] : # Drou ht 59
A > # Wet:
n =80
8 — Percent Drou ht: 74%
Pelrcent We 6%
& URBAN- Slgnlflcant at 0.05
DROUGHT
4 —
2 e
0 T T II 1] T 1
-30 -20 -10 (0] 10 20 30
Cumulative Precipitation Anomalies (mm/day)
South Asia
10 7 # Drought: 85
C # Wet: b 79
n =
- Percent Drought: 52%
2 URBAN (F;ercegé yV et: g 48%
& /RURAL Not Significant at 0.05
DROUGHT OR
4 WET
2 —
0 il . .
-30 -20 -10 0 10 20 30

Cumulative Precipitation Anomalies (mm/day)

Frequency

Frequency

Central Africa

10 7 . # Drou ht 13
B ; # Wgé
8 — Percent Drought: 31%
' Percent Wet 9%
6 RURAL - Slgnlflcant at 0.05
WET
4 =
2 -l
O 1] | 1 I I Il T 1
-30 -20 -10 0 10 20 30
Cumulative Precipitation Anomalies (mm/day)
Southeast Asia
10 7 . # Drou ht 50
D : #W
. Per 222t D ht: 23%
— ercen rou o
8 RURAL Percant Wet: 77%
n /SYLVAN Slgnlflcant at 0.05
- WET
4 —
2 oA
o | il 1
-30 -20 -10 0 10 20 30

Cumulative Precipitation Anomalies (mm/day)



Geographic distribution of recent outbreak clusters of chikungunya (2004-2006) and Rift Valley fever (2006 — 2009) over Africa and the Indian
Ocean islands
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< Chikungunya: Jun 2004-Aug 2005
® RVF Eastern Africa: Dec 2006-Apr 2007

® RVF Sudan: Sep-Nov 2007

@ RVF Southermn Africa/Madagascar:
Jan 2008-Mar 2009
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RAINFALL ANOMALIES: OCT-DEC 2005

Rainfall anomalies for Eastern Africa
showing the large-scale regional
drought during the period October —
December 2005. Anomalies are
calculated with reference to the
1995-2000 base mean period.
Epicenters of chikungunya
outbreaks during this period are
shown by black dots
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RAINFALL AND NDVI ANOMALIES: 2006-2008

EAST AFRICA
Cumulative rainfall anomaly and
vegetation index anomalies
patterns preceding outbreaks of
Rift Valley fever in East Africa:
September 2006 - December
P SUPA

2006; Sudan: June 2007 -
September 2007, and Southern N
Africa: October 2007 - January
2008. Areas of Rift Valley fever

outbreaks are marked by the
yellow dots

SOUTHERN
AFRICA

Cumulative fall Anomaly (mm)
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RVF Relationship to Wet Conditions and Chikungunya Relationship to Dry Conditions
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P. Vivax Malaria in Republic of Korea
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From Uinthicum et al. 2014 Militarg Medicine
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Temperature Anomalies °C

NORTH KOREA SOUTH KOREA
(DPRK) (ROK)
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2. Rift Valley fever
Risk Forecasting



Human Impact: Flooding near Garissa, Kenya, 1997




NOMADIC REFUGEES IN CAMP NEAR GARISSA, KENYA
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RIFT VALLEY FEVER

HERDERS LIVE ON RAW BLOOD § MILK




NAIVASHA, KENYA

REPORTED DISEASE ON
BUFFALO FARM IN NAIVASHA

TRADE IN SHEEP PRODULCTS
IMPORTANT INCOME SOURCE
FOR THE RURAL COMMUNITIES.



RVF
Manifestations

*ANOREXIA AND WEAKNESS

* LISTLESSNESS

* EVIDENT ABDOMINAL PAIN

* ABORTIONS AS HIGH AS 100% IN
LAMBS

* CEREBRAL INFECTIONS

* OCULAR INFECTIONS

* HEMORRHAGIC FEVER WITH MARKED HEPATITIS AND
BLEEDING MANIFESTATIONS

*COMMON BLEEDING MANIFESTATIONS INCLUDE
GASTROINTESTINAL BLEEDING

* NEUROLOGIC SYMPTOMS INCLUDE CONFUSION,

LETHARGY, TREMORS, ATAXIA, COMA, SEIZURES E.T.C







THE GREAT RIFT DIVIDE - BEEF CONSUMPTION IN
WESTERN RIFT REGION NORMAL, BARN
IMPOSED IN THE EASTERN RIFT REGION,

REDUCED BEEF CONSUMPTION, PRICE INCREASE

FOR CHICKEN, FISH. CERTIFIED BEEF AVAILARLE

FOR CONSUMPTION ONLY FROM KENYA MEAT
COMMISSION (KMLC)




HTTP://WWW.ARS.USDA.GOV/BUSINESS/DOCS.HTM?DOCID=23464

Rift Valley fever
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Prediction Oof RIIT Valley rever
SST Time Series

NINO3 4 & WIO SST ANOMALIES
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Successfully Used Remotely Sensed Satellite
Global Climate Data to Predict 4 Rift Valley Fever Outbreaks in Livestock and
Humans in Africa 2006-2009

Seasonal SST Anomaly, Sep Nov 2006
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FAO Alerts: Emergency Prevention System (EMPRES) for
Transboundary Animal and Plant Pests and Diseases

Possible RVF activity in the
Horn of Africa

Rift valley fever (RVF)} is an arthropod-borne

wiral isease o ruminants, camels and
humans. It is a significant zoonosis which
may present itself from an wuncomplicatsd
influenza-like illness to a haemorrhagic
dizseaze with ssvers liver inwvolvement and
acular or neurclagical lesions. In animals, RVE
may be unapparent in non-pregnant adults,
but cutbreaks ars characterised by the onset
of abaortions and high necnatal mortality.
Tramsmission to humans may occur through
close contact writh infected material
(slaughtering or manipulation of runts), but
the wirus (Phlebovirus) is transmitted in
animals by waricus arthropods incuding S
mosquits genus {Asdes, Culex, Mansonis,
Anopheles, Coguilsttidia and Eretmapodites)
with more than 30 species of mosguitoes
recorded as infected and some of them been
proved to have a rele as wectors. Most of
these species get the infection by biting
infected wertebrates, yet some of these
(spadifically Aedes species) transmit the virus
to their a2ggs. These infected pools of egas
can  survive through desiccation  during
months or years and restart the transmission
after flooding, and then other species (Cuwisx
spp.} may be involved as secondary wvectors.

Table of Contents

1. Introduction

2. Dissasa acology and climatic
drivers in the horn of Africa

3. Monitoring of climatic indicators

4. Recent warning message
5. Recommendations
6. FAD in action

7. For more information
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This wartical infection how  the

explains
disease can persist between outbreaks.

RVMF wirus (RWFV) is recorded to occcur from
Sguth Africa to Saudi Arabia including
Madagascar, in waried bioclimatic ecotypas,
ranging from wet and tropical countries such
as the Gambia, irrigated regions such as the
Senegal River Valley or the Nile Delta, to hot
and arid areas such as Yemen or Chad. The
ccourrance of RWF can be endemic or
epidemic, depending on the climatic and
wegetation characteristics af different
geographic regions. In the high rainfall forest
zones in coastal and central African areas it is
reported to occur in endemic cycles which are

poorly understood. Currenthy awvailable
evidence suggests that this may happen
annually after heawy rainfall, but at least

ewery 2-3 yaars otherwise. In contrast, in the
epidemic areas in East Africa, RWF epidemics
appear at 5 to 15 year cycles. These areas
are generally relatively high rainfall plateau
grasslands. which may be natural or clearad
from  forests. In the much drier bushed
Sawvannah grasslands and semi-arid zones,
which are characteristic for the Horn of Africa,
epidemic RVWF has manifested itself only a few
times in the past 40 years, in 1961-62, 1582~
83, 1989 and in 1997-1998.

In addition the possibility exists that RVFV
may spread outside traditionally endamic
areas, or even ocut of the continent of Africa,
mostly due to the large range of wectors
capable of transmitting the virus and requires
a leval of viraemia in ruminants and humans
that is sufficiently high to infeck mosquitoas.
Such a situation occurred following the
unusual floods of 1997-1998 in the Horn of
Africa countries, and subseguently the
disease spread to tha Arabian Peninsula in
2000.

2_ Disease acolagy and

the horn of Africa

The ecclogy of RVF has been intensively
explored in East Africa. Historical information
has shown that pronounced pariods of RVF
virus activity in Africa hawve occurred during
periods of heavy. widespread and persistent

HTTP//WWW.FAOD.ORG/AC/AGAINFO/PROGRAMMES/EN/EMPRES/HOME.ASP



RVF Outbreaks: Human Case Data

Years Countries NB human cases NB human cases Nb human deaths
estimates reported reported

2006 -07 Kenya 75,000 684 234

2006-07 Somalia 30,000 114 51

2006-07 Tanzania 40,000 264 109

2007-08 Sudan 75,000 738 230

2007-08 Madagascar 10,000 418 17

2007-09 South Africa 15 0

2008-09 Madagascar 2,500 233 4




PREDICTED RIFT
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Geographic Distribution of Locations of Rift Valley fever epidemics/epizootics from 2006-2011.

- RVF risk areas - RVF potential epizootic areas



3. Recent Past, Current and Near Future
(2015-2016)
Potential Disease Risks



Standardized SOI

Southern Oscillation Index
January 1982 - December
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Month 2006-2007 2014 - 2015
WIO NINO3.4 WIO NINO3.4

April -0.05 -0.19 +0.10 -0.24
May +0.21 +0.06 +0.37 +0.46
June -0.01 +0.20 +0.10 +0.46
July -0.13 +0.13 -0.09 +0.18
August +0.17 +0.40 -0.01 +0.20
September +0.09 +0.62 +0.09 +0.45
October +0.17 +0.78 +0.48 +0.49

Comparison of the evolution of Western Indian Ocean (WIO) and eastern Pacific Ocean region 3.4 (NINO3.4 SST) anomaly indices in
degrees centigrade between 2006-2007 El Nifio event and the currently developing 2014-2015 event. Chance of has decreased
from 65% (winter to Spring 2015)



ENSO TELECONNECTIONS

Differential impacts at specific
regional Locations around the
world

ENSO + | Floods and excess
rainfall in. EEA, E. E. Pacific,
Southern Brazil/Argentinag,

Southern-tire US

ENSO + | Drought and >+
temperatures (Southern Africa,
SE Asia, NE Brazil, C Africa

ENSO - [Largely reverse
conditions)

through Global Precipitation

_ ' ] 30 60
Pearson’s Correlation Coefficient

1 | L I
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CORRELATION BETWEEN PACIFIC OCEAN (NINO 3.4) [EL NINO] SST AND RAINFALL ANOMALIES

Green/Blue: +/Wetter Yellow/Red: -/Drier



SST Anomaly October - December 2015
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CHIK Chikungunya HPS Hantavirus Pulmonary Syndrome RI Respiratory lliness
CHOL Cholera MAL Malaria RVF Rift Valley Fever
DENG Dengue Fever PL Plague WNV West Nile Virus

CHRETIEN ET AL. 2015. PLOS CURRENT OUTBREAKS)



GI_O BAL ASS ESSM ENT ASSUMING EL NINO OCCURS IN FALL 2015

1. Indonesia, Malaysia, Thailand and most of the Southeast Asia Islands: Increased risk for dengue and
chikungunya transmission caused by drought conditions which (1) increase water storage around houses
leading to elevated Aedes aegypti mosquito populations and (2) elevate ambient air temperatures which will
reduce the extrinsic incubation period for the virus in vector Aedes aegypti and Aedes albopictus mosquitoes
increasing vector capacity; respiratory illnesses due to haze from uncontrolled burning of tropical forests
when extreme drought occurs.

2. Coastal Peru, Venezuela, Colombia: Malaria due to elevated Anopheles vector populations which will develop when various types of
immature habitats are flooded after heavy rainfall.
3. Bangladesh, coastal India, Sri Lanka: Elevated risk for cholera and malaria outbreaks.

4. East Africa (Kenya, Tanzania, Somalia, Uganda and Ethiopia): Increased risk for RVF and malaria resulting from elevated
mosquito vector populations, and cholera caused by flooding due to heavy rainfall in dry land areas. We advise early surveillance of
vector populations and disease control planning. Much will depend on how the El Nifio plays out and the evolution of rainfall conditions
in the September — November 2014 period.

5. South West USA (New Mexico, Arizona, Colorado, Utah, Texas, California): Hantavirus pulmonary syndrome and plague due to
elevated rodent populations caused by heavy rainfall. Impact on new Ae. aegypti populations in central California and Ae. albopictus in
southern California uncertain (has survived w/o rain).

6. Southern and Southeast USA, particularly along the Gulf Coast: Elevated rainfall conditions may increase Aedes albopictus and
Aedes aegypti populations, potentially increasing the likelihood of local transmission of dengue and chikungunya virus following
introduction from endemic regions in the Caribbean and/or Central/South America.

7. Northeast Brazil: Increased risk for dengue and respiratory illnesses due to drought conditions and large scale forest fires.
Additionally, increased risk of chikungunya introduction from the Caribbean and/or Central/South America into Brazil.



Some infectious disease risks, primarily mosquito-borne diseases that have been occurring in various parts of the world in 2015
and are likely to continue or increase in severity in 2016 (from Anyamba et. al. NASA-Goddard Space Flight Center/Global

Precipitation Climatology Project. See also Chretien et al. 2015

® Chikungunya © Hantavirus O Ross River Virus

® Cholera O Malaria O St. Louis Encephalitis

©® Dengue Virus O Plague © Zika Virus



Flood Mosquito Habitats
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4. Summary



Conclusions

Some vector-borne disease outbreaks can be predicted using Earth
Observing Technologies

The development of El Nino/La Niia conditions and subsequent local
weather have significant implications for global One Health

Threat from globalization of various vector-borne diseases like dengue,
chikungunya, malaria and RVF, is real and ever present danger

Prediction in endemic areas followed by mitigation can reduce threat from
globalization



[P://WWW.ARS.USDA.GOV/BUSINESS/DOCS.HTM?DOCID=23464

Rift Valley fever
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