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Why Think About Coastal Community Adaptation to 
Climate Change in Terms of Public Health?

• Many uncertainties surround 
climate change’s impacts on the 
sea, especially sea level rise.

• MOREOVER, the time scales 
involved are often longer than 
those typical in planning efforts.

• A public health focus is politically 
salient, addresses real human 
needs, and can help to identify 
practical “no regrets” steps that 
may benefit adaptation efforts 
more generally.
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Presentation Notes
THESIS:	A public health perspective on sea-level rise gives us practical starting projects and adaptation strategies by highlighting steps that make sense REGARDLESS of how much and how fast the sea rises.



The Three Impacts of Climate Change on the Ocean 
Most Relevant to Changing Disease Burdens
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1. Ocean Warming



The Ocean as a Heat Sink

https://skepticalscience.com/Ocean-Warming-has-been-Greatly-Underestimated.html
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=&url=https://insideclimatenews.org/news/10032017/global-warming-oceans-climate-change-noaa&psig=AOvVaw0mVpmMqcEoYO-VENH7Ukhh&ust=1554904765692139


What’s Loving the Heat? Vibrios!
Vibrio vulnificus Photos courtesy of the New England Journal of Medicine

Vibrio parahaemolyticus
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Presentation Notes
The genus Vibrio contains over 100 species, about a dozen of which can infect humans.Cases of infection correspond with warmer temperatures.Human Vibrio illnesses are increasing worldwide, and the combination of warming ocean temperatures and sea level rise will expand Vibrio habitat.

https://en.wikipedia.org/wiki/Vibrio_vulnificus
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=&url=https://www.nejm.org/doi/full/10.1056/NEJMicm1716464&psig=AOvVaw2j4bx6Vc8dueLhr6LY3zxz&ust=1554905428484201
https://en.wikipedia.org/wiki/Vibrio_parahaemolyticus
https://nanobugs.com/portfolio_page/vibrio-parahaemolyticus/


And of course . . .

Vibrio cholerae

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwj5itqYnsPhAhVsGTQIHfjcA-oQjRx6BAgBEAU&url=https://www.cdc.gov/cholera/index.html&psig=AOvVaw2eVpY818jhwp1v-RQKpbPI&ust=1554906977652021
https://dailytimes.com.pk/158869/cholera-in-karachi/


Vibrio 
Disease 

along the 
Atlantic 
Ocean

SOURCE: Vezulli et al.,
PNAS 2016,
https://doi.org/10.1073/
pnas.1609157113



Vibrio parahaemolyticus illnesses 
associated with consumption of 
shellfish, United States, 2013
Graphic courtesy of the CDC
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Cases are increasing in the United States

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiH_oDvm8PhAhWhITQIHQFYDdcQjRx6BAgBEAU&url=https://www.cdc.gov/vibrio/investigations/vibriop-09-13/map.html&psig=AOvVaw05CiVz15vFAPzbbhi4FA1Z&ust=1554906223896341


Map courtesy of the
World Health Organization

https://www.slideshare.net/ExternalEvents/presentation-8-vibrio-parahaemolyticus-a-versatile-pathogen-that-can-adapt-to-a-wide-variety-of-environments-dr-iddya-karunasagar-fao


Vibrio Infestions and 
Sea Surface 

Temperature
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In 2014, there were nearly 90 Vibrio infections reported in Sweden and Finland. substantially higher than normal, corresponding with significant increases in sea surface temperatures that year.Infections were even reported in subArctic regions.BALTIC SEA: For every ! degree C increase in annual maximum water temperature, Vibrio illnesses increase by 1.93 times.

https://www.perspectaweather.com/blog/2016/4/28/215-pm-atlantic-ocean-showing-signs-of-a-significant-long-term-shift-in-temperatures-from-warm-to-cold


Cholera’s Sea Phase

Copepod Carrying Cholera Bacteria
Image courtesy of the

National Science Foundation

Escobar et al., ActaTropica 2015,
https://doi.org/10.1016/j.actatropica.2015.05.028

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=&url=https://www.nsf.gov/news/mmg/mmg_disp.jsp?med_id=51568&from=&psig=AOvVaw2Lv3XMKaN55UH179Id0eWs&ust=1554907209776858


Warm Water Also Promotes Harmful Algal 
Blooms
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A harmful algal bloom (HAB) occurs when toxin-producing algae grow excessively in a body of water. Algae are microscopic organisms that live in aquatic environments and use photosynthesis to produce energy from sunlight, just like plants. The excessive algal growth, or algal bloom, becomes visible to the naked eye and can be green, blue-green, red, or brown, depending on the type of algae. Algae are always present in natural bodies of water like oceans, lakes, and rivers, but only a few types can produce toxins. In these algae, toxin production can be stimulated by environmental factors such as light, temperature, and nutrient levels. Algal toxins are released into the surrounding water or air can seriously harm people, animals, fish, and other parts of the ecosystem.

https://www.niehs.nih.gov/health/topics/agents/algal-blooms/index.cfm
https://www.oceanchampions.org/harmful-algal-blooms/


2. Sea Level Rise



So, How Much?

Sea Level Rise Projections to 
2100 based on 7 Global
Circulation Models (GCMs)
and 3 emissions scenarios.
Graphic courtesy of NASA.

https://www.giss.nasa.gov/research/briefs/rosenzweig_03/


What We Normally Worry About in Connection 
with Sea Level Rise

Graphic courtesy of the
San Francisco Public Press

https://sfpublicpress.org/news/searise/2015-07/major-sf-bayfront-developments-advance-despite-sea-rise-warnings


But Inundated Coasts Tend to Increase 
Mosquito Habitat

https://fonseca-lab.com/research/salt-marsh/
https://www.carbonbrief.org/climate-change-widen-range-disease-carrying-mosquitoes-says-study


Malaria

https://www.who.int/gho/malaria/en/
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=&url=https://www.cdc.gov/malaria/about/biology/mosquitoes/map.html&psig=AOvVaw1YNn_7v434cZ-4ZPRgOr9z&ust=1554910851844915


Figure 1. Climate change and malaria, scenario for 2050 (UNEP/GRID 2005). With 
climate conditions changing in the future, due to increased concentrations of carbon 
dioxide in the atmosphere, conditions for pests also change. The primary malaria 
agent, the falciparum malaria parasite, will be able to spread into new areas, 
as displayed in this map, by 2050 using the Hadley CM2 high scenario. Other areas, 
not displayed in the map, will be uninhabitable by the parasite. 

DeSouza et al., “The
Impact of Climate Change
on the Geographic Scope
of Diseases” (2012),
DOI: 10.5772/50646



Dengue Fever

http://www.southsudanmedicaljournal.com/archive/february-2012/dengue-fever.html


Dengue in Florida

Dengue Cases in
Florida, 2013
Graphic courtesy of
Health News Florida
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But in 2009, things changed. A dengue outbreak in Key West sickened at least 28 people. Investigators found that about 5 percent of 240 people they tested around Key West showed signs of having been infected by the virus that causes dengue.

https://health.wusf.usf.edu/post/dengue-fever-pops-florida


Also, Sea Level Rise and Storm Surge Mean 
More Sewage Contamination of the Coast

Hurricane Michael Makes Landfall in Florida,
October 2018

Photograph courtesy of CNN

Norovirus

Hepatitis A

Giardia

Cryptosporidium

Shigella E. coli

https://www.cnn.com/2018/10/10/us/hurricane-michael-storm-surge-explained-wxc/index.html
https://www.webmd.com/food-recipes/food-poisoning/norovirus-symptoms-and-treatment
https://www.knoe.com/content/news/Hepatitis-A-outbreak-hits-Louisiana-503053351.html
https://www.sciencephoto.com/media/951714/view/giardia-lamblia-parasite-illustration
https://www.cdc.gov/parasites/crypto/index.html
https://www.cdc.gov/shigella/general-information.html
https://www.medicalnewstoday.com/articles/68511.php


3. Ice Melting



It Sounds Like Science Fiction, But . . .

Anthrax Spores

“The Zombie Diseases of Climate Change,” The Atlantic,
November 6, 2017
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In August 2016, in a remote corner of Siberian tundra called the Yamal Peninsula in the Arctic Circle, a 12-year-old boy died and at least twenty people were hospitalised after being infected by anthrax.The theory is that, over 75 years ago, a reindeer infected with anthrax died and its frozen carcass became trapped under a layer of frozen soil, known as permafrost. There it stayed until a heatwave in the summer of 2016, when the permafrost thawed.Other bacteria that can form spores, and so could survive in permafrost, include tetanus and Clostridium botulinum, the pathogen responsible for botulism: a rare illness that can cause paralysis and even prove fatal. Some fungi can also survive in permafrost for a long time.Scientists have discovered fragments of RNA from the 1918 Spanish flu virus in corpses buried in mass graves in Alaska's tundra. Smallpox and the bubonic plague are also likely buried in Siberia.In a 2005 study, NASA scientists successfully revived bacteria that had been encased in a frozen pond in Alaska for 32,000 years. The microbes, called Carnobacterium pleistocenium, had been frozen since the Pleistocene period, when woolly mammoths still roamed the Earth. Once the ice melted, they began swimming around, seemingly unaffected.Two years later, scientists managed to revive an 8-million-year-old bacterium that had been lying dormant in ice, beneath the surface of a glacier in the Beacon and Mullins valleys of Antarctica. In the same study, bacteria were also revived from ice that was over 100,000 years old.In a 2014 study, a team led by Claverie revived two viruses that had been trapped in Siberian permafrost for 30,000 years. Known as Pithovirus sibericum and Mollivirus sibericum, they are both "giant viruses", because unlike most viruses they are so big they can be seen under a regular microscope. They were discovered 100ft underground in coastal tundra.Once they were revived, the viruses quickly became infectious. Fortunately for us, these particular viruses only infect single-celled amoebas. Still, the study suggests that other viruses, which really could infect humans, might be revived in the same way.

https://www.theatlantic.com/science/archive/2017/11/the-zombie-diseases-of-climate-change/544274/
https://www.mnn.com/earth-matters/climate-weather/stories/melting-ice-could-release-old-viruses
https://ballzbeatz.com/product/skull-crossbones-8-vinyl-decal-sticker/


So What Does a Public Health Perspective 
Suggest for Coastal Adaptation?

• Public health officials need to be part of the coastal adaptation discussion.

• Adaptation planning should include future disease risk and appropriate 
training for medical personnel so that they can recognize the new or 
returning diseases when they show up.

• Mosquito control programs may need to be started or expanded as part of 
sea level rise adaptation.

• Harmful algal blooms provide a significant reason to get serious about 
nutrient pollution control.

• Sewage exposure from storm surge suggests the need for new building 
codes for the coast.



https://www.projectaware.org/news/you-make-it-possible
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