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Key Messages

B Complex ++++, multifactorial
B The human response to a prediction is very unpredictable

B Micro-organisms and vectors don’t read textbooks, nor scientific
publications that tell them how to behave

B Good surveillance is crucial: observe, don’t panic!
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Temperature Evolution
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Temperature Projection

A Change in Mean Temperature (25th percentile) B Change in Mean Temperature (75th percentile)

Figure 2. Potential Regional Temperature Changes in a World That Warms to 1,5°C above the Preindustrial Mean Temperature.

At each location in the maps, the 25th percentile and 75th percentile values of the range of possible projected changes in yearly mean,
maximum daytime, and minimum nighttime temperatures are shown in a world with a global mean temperature that is 1.5°C warmer
than preindustrial times, which could occur within three decades at current rates of warming. Adapted from Seneviratne et al.!
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Impact Climate Change on Infectious Diseases
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Temperature

B Pathogen
B Extrinsic incubation period malaria {, : 26 days at 20 °C, 13 days at 25 °C
B Salmonella: reproduction rises with temperature (water)

B Campylobacter: outcompeted by other bacteria when °T rises, UV-light
blocks Campylobacter

M Algal bloom
M Vibrio spp. ™
B Vector/host
B Insects in low-latitude regions -- > mid- or high latitude regions: expansion

M China: winter temp. rises -- > Oncomelania 1" -- > Schistosoma japonicum T
-- > distribution to new areas

B Aedes aegyptilarvae die when > 34 °C, adult mosquitos die when > 40 °C
M Anopheles needs T > 16 °C (winterisotherm)
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Infective life of a vector

for P.falciparum at 25°C
Sporogonic cycle of 12 days Infective bites

emergence

| B: Blood meal |

Gonotrophic cycle: 2 days |

o | E: Ponte |
Infective blood meal
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Weather-driven malaria transmission model with gonotrophic

and sporogonic cycles

January 2019 - Journal of Biological Dynamics 13(3):1-37




Weather-driven malaria transmission model with gonotrophic
and sporogonic cycles

January 2019 - Journal of Biological Dynamics 13(3):1-37
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Figure 3. Profile of temperature-dependent
parameters of the model {(1)-(3)}: (a) Survival
time of larvae, (p L (T W )) -1 (b) Survival time
of adult mosquitoes, (WM (TW)) -1 (c)
Sporogonic cycle duration in adult female
mosquitoes, (k M (T A)) -1 (d) Duration of
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Weather-driven malaria transmission model with gonotrophic
and sporogonic cycles
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Temperature

B Pathogen
M Extrinsic incubation period malaria { : 26 days at 20 °C, 13 days at 25 °C
B Salmonella: reproduction rises with temperature (water)

B Campylobacter: outcompeted by other bacteria when °T rises, UV-light
blocks Campylobacter

M Algal bloom
M Vibrio spp. ™
B Vector/host
B Insects in low-latitude regions -- > mid- or high latitude regions: expansion

M China: winter temp. rises -- > Oncomelania 1" -- > Schistosoma japonicum T
-- > distribution to new areas

B Aedes aegyptilarvae die when > 34 °C, adult mosquitos die when > 40 °C
B Anopheles needs T > 16 °C (winterisotherm)
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Warming climate could increase bacterial
Impacts on Chesapeake Bay shellfish,
recreation




Vibrio vulnificus




Temperature

B Pathogen
M Extrinsic incubation period malaria { : 26 days at 20 °C, 13 days at 25 °C
B Salmonella: reproduction rises with temperature (water)

B Campylobacter: outcompeted by other bacteria when °T rises, UV-light
blocks Campylobacter

M Algal bloom
M Vibrio spp. ™
B Vector/host
B Insects in low-latitude regions -- > mid- or high latitude regions: expansion

M China: winter temp. rises -- > Oncomelania 1" -- > Schistosoma japonicum T
-- > distribution to new areas

B Aedes aegyptilarvae die when > 34 °C, adult mosquitos die when > 40 °C
B Anopheles needs T > 16 °C (winterisotherm)
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Temperature

B Pathogen
M Extrinsic incubation period malaria { : 26 days at 20 °C, 13 days at 25 °C
B Salmonella: reproduction rises with temperature (water)
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M Algal bloom
M Vibrio spp. ™
B Vector/host
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Ticks

Medlock et al. Parasites & Vectors 2013, 6:1

http//www.parasitesandvectors.com/content/6/1/1 g Paras ] tes
&Vectors
REVIEW Open Access

Driving forces for changes in geographical
distribution of Ixodes ricinus ticks in Europe

B Northern latitude: moves up

B Southern latitude: decrease? If humidity decreases -- > less tick survival
B Altitude: higher
B Nymphs and larvae: feed on small rodents and blgger_wndllfe
B Adult ticks: feed only on big wildlife of
B Ticks need +/- 80% humidity
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Reforestation in Europe, 1950 - 2002 : +2%

EUZ7CH - gross land changes
processed by HILDA model (v2 0)
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EUROPE-IS-GREENER-NOW-THAN-100-YEARS-AGO/


https://www.washingtonpost.com/news/worldviews/wp/2014/12/04/watch-how-europe-is-greener-now-than-100-years-ago/

Tick surveillance
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Pathogens transmitted by ticks

B Lyme (Borrelia Burgdorferi/Afzelii, Garinii)
B Anaplasma

B Ehrlichia

B Bartonella

B Babesia .
B Rickettsia: RMSF, R. conori, Japanese spotted fever,...

B Tularemia: Francisella tularensis
B Colorado Tick fever, Powassan virus

B Hemorragic fevers: Crimean-Congo, Omsk,..

B FSME (Frihsommer meningo-encephalitis) = TBE

f.;;z £ = g
A tularemia lesion on the dorsal skin of the right

B TBRL: Tick Born Relapsing Fever (B. duttonii, hermesii,...) : hanc



Temperature

B Pathogen
M Extrinsic incubation period malaria { : 26 days at 20 °C, 13 days at 25 °C
B Salmonella: reproduction rises with temperature (water)

B Campylobacter: outcompeted by other bacteria when °T rises, UV-light
blocks Campylobacter

M Algal bloom
M Vibrio spp. ™
B Vector/host
B Insects in low-latitude regions -- > mid- or high latitude regions: expansion

M China: winter temp. rises -- > Oncomelania 1 -- > Schistosoma japonicum
M -- > distribution to new areas

B Aedes aegyptilarvae die when > 34 °C, adult mosquitos die when > 40 °C
B Anopheles needs T > 16 °C (winterisotherm)
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Temperature

B Pathogen
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Fig. 3: Predicted future spread of Ae. albopictus in Europe.
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a, The expansion (red) and contraction (blue) of Ae. albopictus between 2020
and 2050 under the medium climate scenario RCP 6.0, with emissions
peaking in 2080. b, The predicted distribution of Ae. albopictus and predicted

habitat suitability for the presence of Ae. albopictus in 2050. Pixels with no

predicted suitability are in grey.

Past and future spread of the arbovirus
vectors Aedes aegypti and Aedes albopictus

Moritz U. G. Kraemer &, Robert C. Reiner Jr, [...] Nick Golding

INSTITUTE OF TROPICAL MEDICINE ANTWERP o -
Nature Microbiology 4, 854-863(2019) | Cite this article



Aedes-borne diseases | a model

Mapping future temperature suitability for transmission scenarios for Aedes aegypti and Ae. albopictus (most applicable to dengue)

B Ae. aegypti Ae. albopictus

Months

B 1
B 2
K
s

Maps of monthly suitability based on
a temperature threshold
corresponding to the posterior
probability that scaled RO >0 is
greater or equal to 97.5%, for
transmission by Ae. aegypti and Ae.
Albopictus for predicted mean
monthly temperatures under current
climate and future scenarios for 2050
and 2080: b. RCP 8.5 in HadGEM2-
ES.

INSTITUTE OF TROPICAL MEDICINE ANTWERP Source. Ryan et al. 2019. PLoS Negl Trop Dis 13: €0007213 27




Dengue

Figure 1. Average number of dengue and severe dengue cases reported to WHO annually
in 1955-2007 and number of cases reported in recent years, 2008-2010
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Spread of Dengue in the Americas

Prior to 1981 1981-2011

(A)

Adapted from Gubler, 1998
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Trop Med Health. 2011 Dec; 39(4 Suppl): 3-11.




Tropical Medicine

and Health h BMC
Trop Med Health. 2011 Dec; 39(4 Suppl): 3—11. PMCID: PMC3317603
Published online 2011 Aug 25. doi: 10 214S/tmh 2011-S05 PMID: 22500131

Dengue, Urbanization and Globalization: The Unholy Trinity of the 2

Century

Duane J. Gubler
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Dengue drivers

Major Drivers of the increased Incidence and Geographic Spread of Dengue

- Lack of effective mosquito control

- Changing life styles

- Unplanned urbanization
- Globalization

Trop Med Health. 2011 Dec; 39(4 Suppl): 3-11.




Zika

Cases of ZIKV Infection
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Precipitation

B Fecal pathogens ™

B But... water scarcity also " diarrhea rates in < 5y: reduced hygiene
B Flooding: hantavirus 1, leptospirosis T

Flooding and the Threat of Infectious Disease
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Drought

B T Concentration of water-borne
pathogens (Salmonella,...)

B Rotten organic material
accumulate in pools: Culex 1T -- >
WNV 1

Humidity

B Cold temperature and relative
low humidity: air-borne
pathogens like influenza T

B Anopheles : needs > 60 °C
humidity to transmit malaria

B Low humidity: unfavorable for
ticks and fleas

o
o
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West Nile Virus

Outbreak in USA

Autums 1999 : sudden mortality in crows and flamingoes in Bronx Zoo,

New York

Cases of human encephalitis (67 cases with 7 death)

How did the virus arrive in the USA? How West Nile Virus Is Transmitted

4 migrating birds 3 h
v smuggled birds ﬁf'w % 4
v lost birds i THE S o

Followed by a warm winter and summer droughts
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2001(to date)*

West Nile Virus Activity 1999 - 2001

This map shows all counties in the United States that
reported West Nile virus activity in 1999 and 2000, as
well as current 2001 status. This surveillance includes
positive test results from humans, horses, wild birds,
sentinel chickens, or mosquitoes.

West Nile Virus Activity Reported to Centers for Disease Control
and Prevention and Verified (9/10/01)"

West Nile Virus Activity Reported by
| State Agencies (9/7101}"
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In September 2002 WNYV arrived in California
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Sunshine

B ] Concentration of V. cholera

Wind

B Asian dust storms: Influenza A I (downwind)

B Transport of pathogens across oceans

B Mosquitoes: reduces biting opportunities, but extend flight distance

Other factors

B Crop failure -- > malnutrition -- > immunity {, -- > infections



Extreme weather events

Key studies that assess the relationship between extreme weather events and infectious diseases.”

Extreme weather events

Disease type

Authors, year

Main findings

El Nino

La Nina

Quasi-Biennial
Oscillation (QBO)
Heatwaves

Drought

Flood

Hurricane
Cyclone

Vector-bomng

Vector-borne dist™
Air-borne disease

Water-borne disease

Vector-borne disease

Water-bomne disease

Vector-borne disease

Vector-bome disease
Vector-borne disease
Water/food-borne disease

Epstein (1999)
Haines and Patz (2004)

Khasnis and
Wang et al. (2078
Shaman et al. (2002)

Chretien et al. (2007)
MacKenzie et al. (1994)
Reacher et al. (2004)

Epstein (1999)
Mackenzie et al. (2000)
Ahern et al. (2005)
Woodruff et al. (1990)

Nielsen et al. (2002)
Cordova et al. (2000)

Chen (1999)

CDC (2000)

Leal-Castellanos et al. (2003)
Epstein (2000)

Sanders et al. (1999)

Shultz et al. (2005)

Increasing outbreaks of emerging diseases were linked to El Nino event.
Outbreaks and epidemic of malaria were positively connected with El Nino events in
many regions.
Strikingly less malaria were found in the El Nino year than in the preceding year in the
Usambara Mountains, Tanzania.
Record of hantavirus cardiopulmonary syndrome has been found to be related to El
Nino evéTiTS T e colorado Plateau.
The risk of symptoms associated with diarrhea is twice the previous when exposed to
outhern California coastal waters during an El Nino winter.

g ‘ever epidemic was connected with the drought incurred by La Nina.
produced an epidemic of West Nile fever and Japanese encephalitis.
gr0ss diarrhea symptoTITOUTING & L8 NS WITET

e linked to the incidence of Ross River virus in south-eastern

break of West Nile fever in Israel in 2000.
aebidity and mortality from infectious respiratory

ially in refugee camps.
aulmonary syndrome (HPS).

vould increase, during the
h droughts.

K Cryptosporidium infection.
ociated with depth of flooding in

D houd and cholera

: olera may grow
Increases in diarrhea and malaria incide’Ng were observed after floods in 1988 in
Khartoum, Sudan.

There have been reported increases in lymphatic filariasis in different areas.

There have also been reported increases in arbovirus disease after flood

Hemorrhagic Fever with Renal Syndrome diseases may increase during flooding

HPS diseases may also increase during flooding

Leptospirosis diseases may also increase during flooding in different areas.
FOMOWINE e hurmicane, malaria and dengue fever occurred in Honduras and in Venezuela.
A cyclone tends to increase the incidence of leptospirosis.

A cyclone tends to increase the incidence of cholera.




Predictions from the past

Status of Major Vector-bome Diseases and Predicted Sensitivity to Cimate Change”
—_—sae————m————————er o _——————0—— — __— =

Possible Change
Pravaience of Distribution
at Risk, of Infaction, Present as 8 Result of
Disease Millionst Millions$ Distribution Climatic Change
Maiara 2100 270 Tropics, subtropics
Lymphatic filarfases 200 802 Tropics, subtropics Lixaly
Onchocarciasis S0 178 Africa. Latin Amenca L}_glx
Schistosomiasis 600 200 Tropics, Subiropics Very likely
African irypanOSQmass 0 25000 new cases  Tropical Afrca Likaly
par yoar
Lashmaniasis 350 12 million indected Asia, southerm Europe, Not known
+ 400 000 new Alrica, South Amerca
Cases per year
Dracuncufiasis 83 1 Tropics (Aldca, Asia) Uniikoty
Arboviral dseases
Dengue . Tropics, subtropics Very likaly
Yefiow tover i Africa, Latin America Lty
Japaness encaptaing - : East and Southeast Asla Loty
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Prediction

change scenarios,"”* risk of malaria epi-
demics would rise substantially in both

tropical and temperate regions. An esti-
mated 1 million additional fatalities per

year could be attributed to climate change
by the middle of the next century, ae-
cording to one model®

s JAMA. January 17, 1098--Vol 275, No. 3
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Interactive Map Malaria Incidence

B https://ourworldindata.org/malaria

Status of Major Vector-bome Diseases and Predicted Sensitivity to Cimate Chango™
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The Imperative for Climate Action
to Protect Health

Andy Haines, M.D., and Kristie Ebi, M.P.H., Ph.D.

The World Health Organization (WHO) esti-
mated thar approximacely 250,000 deaths annu-
ally berween 2030 and 2050 could be due to
climate change—related increases in hear expo-
sure in elderly people, as well as increases in
diarrheal disease, malaria, dengue, coastal flood-
ing, and childhood stunting. This is a conser-
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