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Factors that influence transmission of infectious diseases

Environmental

Water & sanitation
Food
Climate




How climate change may affect emergence and re-emergence
of infectious diseases

* Emerging infectious diseases are those whose incidence in humans
has increased in the past 20 years or those that threaten to increase
in the near future

* Can you think of some examples?
e SARS-CoV-2, SARS-CoV, MERS-CoV, Ebola, Zika, dengue, chikungunya



How climate change may affect emergence and re-emergence
of infectious diseases

* What factors influence the (re-)emergence of infectious diseases?

* Genetic adaptation of pathogen to allow for human infection (species
jump), improved pathogen and/or vector survival, changes in
zoonotic reservoir abundance, changes in human host exposure or
susceptibility

Environmental Social Political
Climate — direct effects Globalization Public health policies

N /

Climate — indirect effects

Ogden NH, Gachon P. Climate change and infectious diseases: What can we expect? Can Commun Dis Rep 2019;45(4):76-80.



Climate change is expected to:

1. Increase risk for the introduction and transmission of infectious
diseases from around the world (COVID-19)

2. Spread of diseases currently endemic to only parts of North
America (Lyme Disease)

3. Re-emergence of endemic infectious diseases (more epidemics,
larger range) (West Nile Virus)

Ogden NH, Gachon P. Climate change and infectious diseases: What can we expect? Can Commun Dis Rep 2019;45(4):76-80.



Figure 3: A summary of climate change effects on infectious disease risks for Canada®
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Climate impact on infectious diseases
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The Endothermy Barrier

JCI The Journal of Clinical Investigation

Climate change brings the specter of new
infectious diseases

Arturo Casadevall

J Clin Invest. 2020;130(2):553-555. https://doi.org/10.1172/JC1135008.



The Endothermy Barrier
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Simultaneous Emergence of Multidrug-Resistant Candida
auris on 3 Continents Confirmed by Whole-Genome
Sequencing and Epidemiological Analyses
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On the Emergence of Candida auris: Climate Change, Azoles,
Swamps, and Birds
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Global warming is responsible for
raising the ambient climate
temperaturas, which selects fungal
claces that can reproduce at avian and
mammalian basal temperatures,
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Vector borne diseases and climate change in Ohio

1) Tickborne: Lyme Disease

2) Mosquito-borne: West Nile Virus
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Tickborne Diseases in Ohio

June 20,2019 | ODH

BeTICK
Smart

Diseases spread by ticks are an increasing concern in Ohio and are being reported to the Ohio Department of Health

more frequently in the past decade, with Lyme disease and Rocky Mountain spotted fever (RMSF) being the most

common. Other tickborne diseases such as anaplasmosis, babesiosis and ehrlichiosis are also on the rise. Though

rare, diseases such as tularemia, southern tick-associated rash illness (STARI) and Powassan virus may also be carried

by Ohio ticks.

The Zoonotic Disease Program tracks and responds to tickborne diseases. We collect and analyze data to detect
trends in disease activity, investigate reported cases of tickborne diseases, collaborate with other state agencies and

educate Ohioans about disease risks and prevention strategies.

Prevent tick bites Ticks in Ohio Frequently Asked Questions

There are about a dozen species of ticks that have been
identified in Ohio. However, most species are associated
with wild animals and are rarely encountered by people.
Three species, the American dog tick, the blacklegged tick
and the lone star tick, are among the most likely ticks to be

encountered by people or pets and are described below. All

three of these species are of significant public health Common ticks found in Ohio
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Local spread of vector-borne diseases:
Lyme disease

Lyme disease caused by bacteria Borrelia burgdorferi

Early symptoms of Lyme disease typically
begin 3-30 days after a tick bite
and can include:

Erythema migrans rash
("bull's eye" rash)

Headache

Fever

Chills

Muscle pain

Joint pain

Fatigue



Incidence of Lyme Disease in US doubled from 1991 to 2014

Figure 1. Reported Cases of Lyme Disease in the United States, 1991-2014
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Increasing incidence of Lyme Disease in the eastern US

Reported Lyme Disease Cases in 1996 and 2018




Lyme Disease in Ohio
2020* Cases Compared to Incidence 2010 — 2019
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Ohio Lyme Disease Annual Case Statistics

Hiinan Median | Age Range | Counties with
Year Caeas Deaths [ Age of Cases Reported

(Years) (Years) Lyme Cases
2009 58 0 36.5 2-77 27
2010 44 0 345 3-62 24
2011 53 0 34 5-84 25
2012 67 0 33 3-86 30
2013 93 0 43 2-84 34
2014 119 0 35 1-78 32
2015 154 0 41 1-85 45
2016 160 0 37 3-85 40
2017 270 0 40 3-86 44
2018 293 0 33 1-90 50
AVG 131 0 37 nfa 35
TOTAL 1,063 0 n/a nla n/a
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Mechanisms linking climate change to increased Lyme incidence

" Riskof
human

. . . infection
Environmental & Institutiona greatestin
Context late spring Social & Behavioral Context
m summe /

—————

Changing ecosystems Social determinants of health

Vector control & public health Outdoor activity

practices

Beard et al, 2016, US Global Change Research
Program, “The impacts of climate change on
human health in the US”.

https://health2016.globalchange.gov.
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Mechanisms linking climate change to increased Lyme incidence

The potential for contracting Lyme disease depends on:

1. Tick vector abundance (especially density of host-seeking nymphs)

2. Prevalence of B. burgdorferi infection in ticks (especially the
prevalence in nymphs)

3. Contact frequency between infected ticks and humans

To accurately project changes in Lyme disease risk based on
climate variability, need long-term data collection on tick
vector abundance and case counts

https://health2016.globalchange.gov.
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Possible solutions to Lyme disease problem

Prevent tick bites:
- Ticks live in grassy, brushy, and wooded areas

- DEET, permethrin-treated clothes and gear, long
pants & sleeves

- Tick check (pets too), shower within 2hrs of
coming indoors

- Landscaping techniques

'Y", .
Zone .

Societal level:
- Improved insect repellant development

- CDC efforts: TickNET, state health depts, vector-
borne disease Centers of Excellence, The Tick
Project



Method #1. The Tick Control
System®

THE TICK
PROJECT

tickproject.org

Method #2. Met52® fungal
spray




Local spread of vector-borne diseases:
West Nile Virus

Most common mosquito-borne disease in US

~1in 5 people who are infected develop a fever
and other symptoms.

~1 out of 150 infected people develop a serious,
sometimes fatal, encephalitis/meningitis. vesdon

cdc.gov
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Fig. 1. Global distribution of WNV in the Americas. Color of the country,
state, or province indicates the first year that WNV was detected. For several
countries in the Americas no reports on the presence of WNV could be found,
but the virus may be present (e.g., Peru, Chile, etc.).

Journal of Medical Entomology, 2019, Vol. 56, No. 6



Mechanisms
linking climate to
WNYV transmission

Natural Host
Birds

w inters, | frost-free ; . .
e o dor ioskiee  Warmer winters, earlier spring

etioms and tecenemratof  arrival influence migration and
T iRl survival

Key species: American robins,
house finches, and house
Spamows.

Insect Vector
Mosquitoes

Rising temperature, changing
ecipitation pattems, and a higher . s .

?oq&cyof?;mmeweamm Rising temp, changes in

events are likely to influence the e .

distribution and abundance of precipitation, extreme weather

mosquitoes that transmit West Nile

virus by altering aquatic habitat influence distribution & abundance
availability and mosquito and viral

reproduction rates. of mosquito vector
Key species: Cx. tarsalis, Cx.
pipiens, Cx. quinquefasciatus.

Unlike ticks, mosquitoes have short
life cycles and respond more quickly
to climate drivers (days-weeks)

Incidental Host
Humans

Humans are not central to the . .
West Nile virus transmission Changing weather may influence
cycle, but can suffer serious .

health consequences ifinfected.  hUMan behavior and exposure to
Changing weather patterns will .

likely impact human behavior and mosqmto vector
exposure to mosquitoes that carry

West Nile virus. Mosquito control

or parsonal protection practices

like wearing long-sleeves or

repellent can reduce the risk of

infection.

Figure 6: Climate Impacts on West Nile Virus Transmission https://health2016.globalchange.gov.
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Projecting changes in WNV transmission with climate change is challenging

- Data show links between key weather variables (temp &
precipitation) and WNV transmission

- Projecting impact of climate change more challenging:
- Short history in US
- Geographical variation in the US in relationship
between precipitation & WNV transmission (e.g.
northern Great Plains vs. Pacific Northwest, urban vs.
rural)
- Complex transmission cycles

- Likely that some segments of the poPUIation will be Brds such as the house finch are the natural host of West Nile

disproportionately affected by or exposed to vector-borne ..
diseases in response to climate change

https://health2016.globalchange.gov.
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Incidence of West Nile Neuroinvasive Disease by County in the United States
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Figure 5: Maps show the incidence of West Nile neurcinvasive disease in the United States for 2010 through 2013. Shown as
cases per 100,000 people. (Data source: CDC 2014)™ https://health2016.globalchange.gov.



https://health2016.globalchange.gov/

West Nile Virus Disease in Ohio
2019” Cases Compared to Incidence 2002 — 2018
West Nile Virus Disease by Age and Sex, Ohio, 2010-2019
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Ohio West Nile Virus Disease Annual Human Case Statistics

Median

Age Range

Earliest Date

Year }('::'::: Deaths Age of Cases | of Symptom ABTZ:::FSLT‘:?:
(Years) (Years) Onset
2001 0 0 , n/a
2002 441 31 61 2-98 .
2003 108 8 49 11-90 n/a 6
2004 12 2 49.5 12 - 87 Jul 5 1
2005 61 2 53 22 -96 Jun 14 14
2006 48 4 57.5 2-86 Aug 1 10
2007 23 3 52 11-86 Jul 12 9
2008 15 1 57 20 - 86 Jul 9 1
2009 2 0 36.5 11-62 Aug 27 0
2010 5 0 46 4-74 Jul9 0
2011 21 1 55 14 - 83 Aug 1 6
2012 122 7 57.5 4-91 Jul 10 13
2013 24 4 715 38 - 82 Jul 29 4
2014 1 1 65 19-79 Jul 27 0
2015 35 2 65 14-91 Jul 9 10
2016 17 4 66 4-84 Jul 28 4
2017 34 5 59 6-82 Jul 24 8
2018 65 6 61 5-89 Jun 23 16
2019 3 1 68 59 - 68 Sep 7 0
AVERAGE 55 4 57 \/a 6
TOTAL 1,047 82 n n/a n 102




Possible solutions for WNV problem

Research needs: CDC Disease Maps

- Models must include evidence surrounding
vector-host interaction, host immunity,
pathogen evolution, land use, social
determinants of human health

- Coordinated, systematically collected long-

term surveillance data R T—
- Mechanistic models that include data that is (including county-level data)
specific to vector species and pathogen from 2003 - present.

Prevent mosquito bites:

Lol |
- DEET, permethrin-treated clothes and gear, B :
long pants & sleeves

- Check for water-holding containers
- Screens on windows, bed nets




3 main points to take away

1. Climate change will affect transmission of infectious diseases directly
(e.g. change in vector population abundance) and indirectly (e.g.
changes in human migration due to economic effects)

2. Ticks capable of carrying the bacteria that cause Lyme disease and other
pathogens will show earlier seasonal activity and a generally northward
expansion in response to increasing temperatures associated with
climate change

3. Rising temperatures, changing precipitation patterns, and a higher
frequency of some extreme weather events associated with climate
change will influence the distribution, abundance, and prevalence of
infection in the mosquitoes that transmit West Nile virus by altering
habitat availability and mosquito and viral reproduction rates



Thank you



