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What is an Emerging Disease?
• Newly appearing in a population
• Rapidly increasing in incidence or 

expanding in geographic range

In 1986, damming of the Senegal 
River for irrigation led to spectacular 
increases in habitat for intermediate
host snails and mosquito vectors. 
These changes led to an explosion 
of disease (schistosomiasis) among 
an immigrant population drawn to 
work the new sugar cane �elds



How are Diseases Transmitted?

• Air
- very little known in terms of climate affects (flu)

• H2O
- changes in quality of drinking, irrigation, or       

recreational water

• Vectors
- Most studied group of diseases in context of 

climate change
- Require host to transmit pathogens (effects on 

vector and pathogen)



Marine: Cholera
• Acute diarrheal infection� dehydration and kidney 

failure
• Vibrio cholerae (2 serogroups 01 & 0139)

• Main reservoirs = humans & brackish water 
(copepods)

• 7th pandemic still ongoing (Americas 1991)



Terrestrial: Malaria

• Symptoms: anemia, fever, 
chills, nausea, joint aches; 
in severe cases coma and 
death

• 5 spp of plasmodia 
parasite can infect humans
– Plasmodium falciparum
– Vector: infected female 

Anopheles mosquitos

• 247 million cases in 2006; 
~1 million deaths



Terrestrial: Dengue Fever (DHF)
• Acute tropical febrile disease

• Symptoms: severe headache, muscle/joint pain, 
fever, rash, gastritis, nausea, vomiting, diarrhea

• Caused by 4 viral serotypes (genus: Flavivirus)
• Transmitted by Aedes aegypti mosquito
• 2/5 of world’s population is at risk



Marine/Terrestrial: Chytridiomycosis

• Amphibian fungal disease caused by 
Batrachochytrium dendrobatidis (occurs naturally)

• Symptoms: morphological changes, convulsions, 
sloughing skin, small ulcers, hemorrhage, lethargy, 
failure to seek shelter/flee, abnormal posture

• Declines occur primarily in cool regions, like mountain 
chains



What Are Predictive Climate 
Models Telling Us?

Hypothesis :  Climate warming  will  affect  host-
pathogen  interactions by 
(i) increasing pathogen development rates, 
transmission,  and  number  of  generations  per  year 

(ii)  relaxing  over-wintering restrictions on pathogen 
life cycles

(iii) modifying host susceptibility to infection.

**Changes always lead to expansion of range 
and host declines??



Current & Predicted Changes: 
Terrestrial Systems

• Mean global surface temp increase 1.4 to 5.8 
degrees C by 2100 (IPCC)

• Warming will alter humidity and precipitation 



Current & Predicted Changes: 
Marine Systems

• Temperature 
increase

• Decrease in salinity

• Sea level increase 
and changes in 
ocean circulation 
(ENSO & NAO)



El Nino (ENSO)

• Among most important 
factors in global climate 
variability

• Develop April-June

• Max strength Dec-Feb
• Persist 9-12 mos

(sometimes longer)

• Recur every 2-7 years
• Since 1970s have 

occurred more often and 
persisted longer



Regional Vs Global Climate 
Change

• Temporal and spatial changes in climate differentially 
affect biology and ecology of vectors/hosts/disease 
transmission

• Greatest effect of CC at extreme range of temps at which 
transmission occurs (life stages require different 
conditions)

• Human settlement & socio-economical patterns
• Realized ecological niches/ranges (what lives where?)

High Temp = 
shorter time 
to mature

High Temp = 
digest blood faster 
and feed more 
frequently.  Cost?



Indirect/Direct Effects of Climate 
Change on Human Health

• Heat-related illnesses, increase in skin cancer, 
respiratory disorders, malnutrition, population 
displacement from rising sea levels, spread of 
infectious diseases



Climate Change Vs Climate 
Variability

• Climate Change: statistically significant variation in 
either the mean state of the climate or in its variability 
persisting for an extended period.

• Climate Variability: Inherent characteristic of climate 
expressed at various temporal scales.

• Climate Exposures:
i) long-term changes in mean temps and other 

climate norms
ii) Climate variability about norms over long periods 

(ENSO)
iii) Isolated extreme events (flooding or drought)



Is There an Increase in 
Diseases in the Ocean?



New Symptoms

Diadema antillarum
Staghorn and elkhorn corals (Acropora)

4000ha Turtle grass (Thalassia testudinum)(Pfiesteria piscicida)



Host Shifts (new diseases…new microorgs?)

Canine Distemper Virus (CDV) in Baikal seals
(Phoca sibirica) Influenza spread from birds to whales/seals



Conditions Favoring Disease 
Outbreaks in Marine Systems

• Climate Variability
-Increased temp preceded epidemic affecting harbor 
seals � Increased transmission
-ENSO and coral bleaching 1998
-ENSO and Dermo in Eastern oysters (Gulf of Mexico)



Conditions Favoring Disease 
Outbreaks in Marine Systems

• Human Activity
- Enhanced global transport of marine spp and 

pathogens (shrimp)
- Habitat degradation (little known and correlative) 

- Pollution inputs (organochlorides)



Cholera : A Paradigm

• Vibrio cholerae closely associated with marine 
plankton in brackish waters/estuaries

• Annual epidemics in Bangladesh associated 
with warm waters, high turbidity, & plankton 
blooms

• ENSO related activities play a role in outbreaks



Is There Evidence for Climate
Change Driven Amphibian 

Declines?



What We Think…What’s Needed

• Chytridiomycosis
• Ranavirus
• Saprolegniosis
• Ribeiroia sp infection

But demonstrating a link between any of these diseases 
and amphibian declines requires:

i) Fulfillment of Koch’s postulates
ii) Id of causative pathogen in carcasses from mortality events that 

constitute part of a decline in population
iii) Pathological evidence that the disease caused death in a significant

number of cases within the mortality event
iv) Clear evidence that the mortalities are the cause for the decline 



Chytridiomycosis: Clearest Link 
Between Disease and Declines

• Small number of cases 
• Montane amphibian spp

What Makes It an Emerging Disease?
• Pathogen not located in studies of tissues archived 

prior to emergence event
• Appears to have increased in impact (last decade)

• Movement of B. dendrobatidis among disparate 
populations



What’s Driving the Spread of the 
Disease?

• 2 Hypotheses:

1.) chytrid-thermal-optimum hypothesis declines were 
triggered by global warming which pushed daytime and 
nighttime temperatures to converge to levels that are 
optimal for the growth of the chytrid fungus. 

2.) spatiotemporal-spread hypothesis
amphibian declines were simply driven by the 
introduction and subsequent spread of the fungus from 
certain locations. 



"While there is evidence to suggest that 
the chytrid fungus is killing the frogs, 
further research is needed before we can 
conclude that climate change is 
accelerating the spread," 
-Jason Rohr (previously a researcher with Penn State's 
Center for Infectious Disease Dynamics, currently 
Professor at University of South Florida)



What are the Main Drivers of 
Plant EIDs?



3 Groups Based on Anthropogenic 
Food Production

• EIDs of 4 major staples (neg impact on humans)

– Wheat, rice, maize, & potato

– Potato late bilght & Karnal bunt

oomycete Phytophthora infestans Tilletia (Neovossia) indica



• EIDs of Cash Crops (generates $$, jobs, FE)

Manihot esculenta—Cassava mosaic 
disease 

Caused by begomoviruses transmitted 
by whitefly

Citrus canker caused by Xanthomonas
Axonopodis pathovar. citri



• EIDs of Wild Plants (ecological conseq)

Chestnut blight– Caused by fungus 
Cryphonectria parasitica.  Imported with 
Japanese chestnut,,which is resistant

Dutch elm disease—Caused by 
Ophiostoma ulmi wilt fungus and O. 
americana. Spread by elm bark beetle
Originated in Asia (infected
Timber)



Factors Driving Emergence
Pathogen pollution Host-pathogen evolution

Agricultural change Climate change

Weather conditions are major drivers of bacterial and fungal plant EIDs, but 
Unimportant for plant EIDs caused by viruses.



How Is Climate Change Affecting
Vector-Borne Diseases?



Examples Diseases Varying with 
Climate

• Aedes aegyptii (DHF) 
affected by density of water 
bearing containers, 
temperature, moisture, and 
solar radiation

• Hantavirus in SW predicted 
by ENSO events

• WNV with mild winter and 
dry summer in NY.
– Birds congregate around water 

w/ mosquitoes
– Heat accelerates viral 

maturation
– Torrential rains in late Aug



Things to think about…

-Temperature effects on larvae, adults, pathogen
-Precipitation patterns
-Human settlement patterns (rural vs urbanization)
-Adaptation strategies
-Drug resistance and increased monitoring/vector 
control
-varying quality of long-term disease data
**How do you control for demographic and biological

data?



“Analyses of malaria time-series at such 
sites have shown that malaria incidence 
has increased in the absence of co-
varying changes in climate. We find the 
widespread increase in resistance of the 
malaria parasite to drugs and the 
decrease in vector control activities to be 
more likely driving forces behind the 
malaria resurgence.”

Hay et al (2002) Nature


