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Under the Weather Team

(at the J. Erik Jonsson Center of the National Academy of Sciences, Quissett, Mass)







Hippocrates
On Airs, Waters, and Places
(400 B.C.)

Secondly he must study the warm and cold
winds, both those which are in common fo
every country and those peculiar to a
particular locality.

Lastly, the effect of water on the health
must not be forgotten.”
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ENVIRONMENTAL | DISEASE FAVORED EVIDENCE
FACTOR

Cold Influenza Seasonal
transmission pattern

Dry Meningococcal Associated with arid
meningitis, conditions, dust
storms

Coccidioidomycosis

Wet Cryptosporidiosis Associated with
Rift Valley Fever flooding




» Climate change may affect the evolution and emergence of infectious
diseases

* There are potentiain extrapolating climate and disease
relationships from one spatial/temporal scale to another

» Recent technological advances will aid efforts to improve modeling of
infectious disease epidemiology
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INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE
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Negative impact |Positive impact

Very high confidence

Malaria: contraction and expansion, PRESENES
changes in transmission season

High confidence
Increase in malnutrition —

Increase in the number of people suffering
from deaths, disease and injuries from
extreme weather events

Increase in the frequency of cardio-respiratory
diseases from changes in air quality D

Change in the range of infectious disease vectors @
Reduction of cold-related deaths  ? influenza <-§

Medium confidence
Increase in the burden of diarrhoeal diseases @
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4/ 1aa I NeWw alsedases 1nar_nave emeraeaqg
in the last quarter century. And a lot of them like SARS have
caused tremendous problems. The resistant forms of
tuberculosis. There are others.

And theres been a.reemergence of some diseases that were once
under control. The avian flu, of course, quite a serious matter as
you know. West Nile virus. It came to the eastern shore of
Maryland in 1999. Two years later it was across the Mississippi.
And two years after that it had spread across the continent.

But these are very troubling signs.”

Al Gore
An Inconvenient Truth




Q: Why the uncertainty?
A: Epidemic diseases are dynamic, non-linear processes.

Any robust assessment of the impact of climate change on epidemic
infectious diseases must be evaluated using dynamical models.

Word arguments and static arrow diagrams (“St. Sebastian
diagrams”) are not persuasive.
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Number of cases
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Crowding & Contact

School season crowding
More time indoors
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Lowen et al, PLoS Pathogen 2007
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Average nasal wash titer
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caused by Increased viral sne

ing

Increased transmission at low relative humidity may be due to
formation of bio-aerosol droplet nuclei
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TRANSMISSIBILITY INTERACT (RESONATE) WITH OTHER
OSCILLATIONS INHERENT IN THE EPIDEMIC PROCESS
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di/dt = BIS/N - I/D . )
Number in Total Population
Susceptible
Infected
Recovered = Immune =N-S-|
Duration of Infection
Length of Immunity
Transmissibility
o births and deaths

dS/dt = R/L - BIS/N

sorO0X-02Z2

Dushoff et al PNAS 2004
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Different diseases may have different intrinsic oscillation
frequencies. This intrinsic oscillation frequency need not be
seasonal ( 1 year).
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Dushoff et al PNAS 2004
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B(t)=po (1 +B1cos(21t))

How does this exogenous “forcing” oscillation
of transmissibility interact with the intrinsic
S-I-R-S oscillation?

Dushoff et al PNAS 2004
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Dushoff et al PNAS 2004
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Intrinsic oscillation period

Peak / Trough Ratio of Incident Infections

Fixed small seasonal 3 oscillation (4%)

Random combinations of D, L, Ro -> Various intrinsic oscillation values

Strong non-linear resonance of when intrinsic oscillation period = 1 = seasonal
Dushoff et al PNAS 2004
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[ .... If there is resonance between the intrinsic
oscillation period and seasonal oscillation in
transmissibility ]
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Typed
Isolates

Possible H1- H3 mutually inhibiting subtype interactions?
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Given that B HS3 is sensitive to temperature and humidity
(see guinea pig experiments). Does this explain H3
seasonality? Are B H1 and B B similarly sensitive to
temperature and humidity ?
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Prevalence of H3, H4, and H6 in Alberta Ducks
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Synthetic “bottom —up” theoretical model

Derek Cummings, Ph.D.
Johns Hopkins Bloomberg School of Public Health
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Analytic Model to Detect
Patterns in Dengue
Hemmorhaqic Fever Incidence

Monthly DHF Incidence

Passive Surveillance

72 Provinces

1983-1996

Gathered by Thai Ministry of Public

~850,000 cases




Four antigenically distinct serotypes

Most important mosquito-vector is
Aedes aegypti
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Empiric Mode Decomposition
developed at NASA to study
water waves. We found it
useful to study epidemic
waves
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100 km from Bangkok
200 km from Bangkok

300 km from Bangkok
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427: 344-7 (2004)

Traveling waves in the occurrence of dengue hemorrhagic fever in Thailand
DEREK A.T. CUMMINGS, RAFAEL A. IRIZARRY, NORDEN E. HUANG, TIMOTHY P. ENDY,
ANANDA NISALAK, KUMNUAN UNGCHUSAK & DONALD S. BURKE
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Dynamic effects of antibody-dependent enhancement
on the fitness of viruses
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Antibody dependent enhancement of virus replication: Immunity to a

cross-reactive dengue type INCreases, rather than decreases,
viral growth, viral burden, and transmissibility upon infection with
a second type
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[3 is the transmissiblity parameter

B (f)=By(1T+B;cos(2mt))

1 is varied from 0.0 to 0.1
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dynamics
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ANALYSES OF THE FORCING EFFECTS OF ENVIRONMENTAL
FACTORS ( eg TEMPERATURE, HUMIDITY,RAINFALL) WILL BE MORE

ROBUST IF IRRELEVANT OR CONFOUNDING DYNAMIC COMPONENT
SUBSYSTEMS ARE ELIMINATED OR CONTROLLED.
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Interactions with intermediate hosts eg commercial poultry?
Type-Type interactions? Evolution?
HIV
SIV dynamics in primate populations?
Interactions with human bushmeat hunters?
SARS
Spatio-temporal dynamics in wild bat populations?
Interactions with intermediate hosts eg civets?
Evolution?
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the risks posed by climatic and ecological changes
v Epidemiological surveillance programs should be strengthened

v Observational, experimental, and modeling activities are all highly
interdependent and must progress in a coordinated fashion

v Research on climate and infectious disease linkages inherently requires
interdisciplinary collaborations
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alone

» Development of early warning systems should involve active participation
of the system’s end users
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Nasal Wash Influenza Titer
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Deaths (Global) from Potentially Vaccine

Preventable Diseases
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Deaths (Global) from Potentially Vaccine
Preventable Diseases
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T

INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE g: Gy

UNEP

Guidance Notes for Lead Authors of the
IPCC Fourth Assessment Report on Addressing Uncertainties

Table 3. Quantitatively calibrated levels of confidence

Terminology Degree of confidence in being correct

Very High confidence At least 9 out of 10 chance of being correct

High confidence About 8 out of 10 chance
Medium confidence About 5 out of 10 chance
Low confidence About 2 out of 10 chance

Very Low confidence Less than 1 out of 10 chance
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the risks posed by climatic and ecological changes
v Epidemiological surveillance programs should be strengthened

“The lack of high-quality epidemiological data for most diseases is a
serious obstacle ...”

v Observational, experimental, and modeling activities are all highly
interdependent and must progress in a coordinated fashion

v Research on climate and infectious disease linkages inherently requires
interdisciplinary collaborations
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