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PIHAC program on adaptation te health
lsks associated with climate change

PHAC focus on effects of climate change on risk from
Infectious diseases (vector-borne and water-borne)

Program of work on ‘adaptation’ to these risks Is

underway at a number of levels:

— Discovery/applied science

— Development of information and tools for public health

— Engagement of communities to act as ‘stakeholders’ in tool
development, and to provide a community approach to
adaptation

Health Canada are focusing on:

— Heat and health
— Adaptation to climate change in the Canadian Arctic




Projected temperature change according to
different IPCC emission scenarios

Temperature change (1760 - 2100)
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Change in temperature for scenario A2
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Change in precipitation for scenario A2
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Climate change and emerging/re
emerging infectious diseases

Human awareness (Lyme, SARS)

Introduction of exotic parasites into existing suit able

host/vector/human -contact ecosystem (\West Nile, Rabies)
Geographic spread from neighbouring endemic areas (Lyme, Rabies)

Ecological change causing endemic disease of wildli fe to ‘spill -over’

Into humans/domesticated animals (Lyme, Hantavirus, Nipah)

True ‘emergence’: evolution and fixation of new, pa  thogenic gene tic

variants of previously benign parasites/pathogens ( HPAI)




Public Health and VVBD

" Surveillance/control
. . Recognition & Response to
Pathogen Disease in Diag i . I?demic applied in retrospect
emerges Humans 9 P (= too late?)

Forecasting
Prediction

Risk Risk
assessment identification

Human disease
prevention

Intervention |

Surveillance




Vector-borne diseases:
From princess to Cinderella at

the climate change ball




Climate: effects on vVector-borne
disease ecology.

Affecting geographic distribution of vectors
Vector survival T.RHP(mossies)
Vector activity (biting rate) T-RAP
Vector seasonality "RAF* I:\)o
Host species range and density T-RHP*(ticks)
Habitat distribution "RH"

Affecting existence of, and force of infection in, 12D (Randoiph Parasitol Today 1998)

endemic transmission cycles n

Vector abundance T.RHP Ro = w
Vector seasonality T-RHP* H(r +h)

Extrinsic incubation period (latent period in
mossie, duration of dvipt in tick) T

Host species demographic processes and
survival T.RHP*

*vector-borne zoonoses

General VBD
_Na’h, b, p"
H(r +h)(- In p)




\/ector Survival

Direct effects of temperature on mortality rates*

Temperature effects on development: at low temperatures lifecycle
lengthens & mortality outstrips fecundity*

Lower humidity increases the energy requirement for host seeking by
ticks shortening their lives*

Lower rainfall reduces breeding areas for mosguitoes, compounded by
density-dependent intraspecific competition amongst larvae

More complex community-associated changes (habitat structure,
predator abundance etc)

* Non-linear (quadratic) relationships with temperature

y =101179%°*°®
R’ =0,8833

Days to oviposition

y = 34234%"
R’ = 0,8283

Days to eclosion
Days to moult

Tsetse mortality: Randolph
& Rogers Nature Rev

|. scapularis development: Ogden et al. J. Med. Entomol. 2004 Micro 2003




\/ector Actvity.

» Arthropods are poikilotherms: increased temperature increases
activity, but very high temperatures decrease activity.

Increased RH increases activity, heavy rainfall decreases
activity

Increased activity increases transmission rates and reduces
mortality rate per transmission event (but not linearly —
Increase ' '

Temperature’C)

Ogden et al. Int. J. Parasitol. 2005 Vail & Smith J. Med. Entomol. 1998




Subtie effects enecolegy:

e.0. Veclor andihost seasonaliby
\ector-borne zoonoses are mostly maintained by

wildlife: humans are Irrelevant to their ecology.

Vectors and their hosts are subject to seasonal
variations in abundance and demographic processes

Vector seasonality due to temperature effects on
development and activity

Host demographic processes (reproduction, birth and
mortality rates), affected directly by weather and
Indirectly by resource availability

Phenomena associated with climate-independent
day-length also affect seasonality




Seasenalinymph and lanva | tick: activity, peroeds;interact Wit
duration /level ofi host pepulaticn  Infect ity

Nymphs active before larvae each year
. Necessitates long duration of rodent infection and rodent surviv. al

. Drives specialism and multiple niche polymorphism a mongst tick -borne
pathogens

1
o

Minimum duration of acute
infection:

TE =40% 17
TE =75% 8

o
3y

o
»

Proportion of annual number of ticks

Resistance to infection -associated
rodent mortality:

Long -lived infection 3.7x (1)
Short -lived infection 8.3x (2.24)




Simulateal seasenality fier Ontarioin the 2050s (= M anylana new)

Coincident nymphal and larval activity.

. Advantage of high transmission efficiency and roden t survival is reduced
. Permits establishment of generalist pathogens?

. Climate instability and extreme weather  favour generalists

Minimum duration of acute
infection:

TE = 40% 12 (change = - 29%)
TE = 75% 7 (change = - 12.5%)
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Resistance to infection -
associated rodent mortality:

LLI 3.6x (change = - 3%)
SLI 11.3x (change = + 36%)
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Ogden et al., J. Theor Biol. 2008; Ogden et
al. Parasitology 2007; Kurtenbach et al.
Nature Rev. Microbiol. 2006




‘Types’ of vector -borne diseases

 Human -vector -human
— Mosgquitoe/ dipteran -borne (Malaria, Yellow fever, Dengue)
— Occurrence particularly dependent on human/social f actors (+
climate):
e Treatment
» Prevention
 Control programmes

» \ector -borne zoonoses

— Mosquito -borne (WNV, EEE, WEE, ST Louis, RVF)
» Occurrence independent of human cases

» Occurrence more dependent on habitat (hosts) and ra  infall
(breeding sites) and temperature (mortality & dvipt ) = vector
abundance

— Tick-borne (Lyme, HGA, RMSF, HME, TBF, CCHF)
» Occurrence independent of human cases

» Occurrence particularly dependent on habitat (off -host survival)
and host abundance (+ climate)




The debate: will climate change affect VBID
rsk? = what tools are available and how

e« Focus on human \%9(9 qmgxaﬁgl%tted diseases

(malaria and dengue)

Results of simplified modelling (Patz,Martens etc) = climate
change could greatly increase numbers of human case S
(increased geographic range and altitude)

Results of statistical pattern matching (Rogers) = climate
change could have a small effect on numbers of huma n
cases (small changes to geographic range/altitude)

Climate has historically had only a small role in v ector -
borne disease occurrence versus other variables (Re iter:
mainly human -induced habitat alteration, eradication,
treatment, or drug resistance etc)




Vaneis &l Eiip s

VC =mbca?p"/-Ln(p)

Criticism (e.g. Rogers & Randolph AIP 2007):
univariable (temp only) analysis
relative not absolute increase in R, = overestimation of risk




D. J. Rogers et al., Science 289, 1763 -1766 (2000)

P» HMinTM + 6,R+ b,MIinSVP+ h,MeanTX+c




But limitations of statistical
models

Outcome variables (human cases, mosquitoes, infecte  d
mosguitoes) question of quality data = misclassific ation
(false positives and negatives)?

Explanatory variables climatic, habitat (NDVI) and Fourier
transformations (data dredging?)

Pattern matching using ‘known’ current distribution does

not = ‘ecological’ niche

= ecological niche + societal -human factors: habitat control,
treatment, wealth = misclassification (false negati  ves)

Can’t use this model to obtain climate change proje ctions
and say that the effects of climate change are negl igible

Need to model climate change effects on ecological and
societal -human factors simultaneously




“Criticism Is something we can avoid easily
by saying nothing, doing nothing and being

nothing”
Aristotle




Confounding societal factors:
e.g. wealth protects

National wealth = health services to remove
Infected humans preventing endemnicity

Personal wealth = controel (air conditioning
prevents transmission of dengue in the USA:
Reiter EHP 2001)

Reisen WK, Takahashi RM, Carroll BD, Quiring R.
Emerg Infect Dis. 2008 14(11):1747-9
Delinguent mortgages, neglected swimming pools, and West Nile
virus, California

Adjustable rate mortgages and the downturn in the California housing
market caused a 300% Iincrease in notices of delinquency in
Bakersfield, Kern County. This led to large numbers of neglected
swimming pools, which were associated with a 276% increase in the
number of human West Nile virus cases during the summer of 2007.




My take on the debate

Two approaches (simple analytical model and statist ical
pattern matching) show different projected degree o f effect
of climate change on human -vector -human VBD risk
Both methods have their frailties

Oversimplification of system

Knowledge gaps

Poor data

Uncertainty that statistical associations = causal relationships

Both are useful technigues in assessing risk but fo r human -
vector -hnuman VBD we need more ‘layers’

Both techniques may be more useful (side -by-side) for
projections of risk of VBZ

We need to develop risk maps using the precautionar vy
principle (worst case) and overlay these with mitig ating
factors or conservative estimates




Lyme disease in Canada:

Emergence by range
expansion
(simulation models)




Lyme disease distribution in the USA

ca 20 000 cases/year ini USA = ca 8 000 cases/year i n Canad




Reproducing (and selfi -sustaining) populations of
scapularis In Canada

Climate change or
inevitable range
expansion?




Passive surveillance: Distribution of I. scapulars submitted by the public
(PHAC-province partnerships) = spread by migratory birds

Ogden et al., (2006) J. Med. Entomol Ogden et al (2008) Appl Environ Microbiol




Habitat 1s not Imiting: Poetentially suitable I. scapularis
habitat southern Ontario (Ogden et al., IME 2006)




I. scapularis are being seeded Into a
wide geographic region of Canada

Host densities are suitable

Habitat Iis suitable (Ogden et al., 20060.
J. Med. Entomol .)

 Why haven’t populations set up more widely?
e Could climate be a limiting factor?

e If so will climate change affect this limitation?




Dynamic simulation model off  |. scapularis. populations
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Simulation results: deterministic die-out

¢ Quebec

O Ontario
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X Nova Scotia
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Simulation moedel output Suggests temperature conditions constrain .
scapularis: distribution,, but ifi se, that will change with clim ate change

1991-2000 Projection for 2020
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Index of tick abundance at model equilibrium Index of tick abundance at model equilibrium

Ogden et al. Int. J. Parasitol . 2005, 2006




Algoerithms to predict occurrence of CSDs
with' |. scapularis populations

Scale of temperature suitability for  |. scapularis (derived from |.
scapularis population model: Ogden et al., 2005): provides lay  er
1 of the risk map

For each location an ‘incoming tick index’ (ITI) Is calculated i n
ArcGIS for each location in Canada (CSD) = the number of  |.
scapularis -endemic US counties (and later, Canadian CSDs)
within 5 days flight range for a migratory passerin e (425km at
85km/day): provides layer 2 of the risk map

For each location, percentage forest cover (= poten  tially tick -
suitable habitat): provides layer 3 of the risk map

Risk for each CSD = algorithm = No. of ticks in mod el X or + ITlI
(and/or ITI12, ITI3, ITI ) X or + %FC (and/or FC 2, FC3, LogFC, LnFC)




Prediction of potential extent of |. scapularis
populations by 2019

Cut off value of algorithm for population establishment determined by maximum
Youden index: Sensitivity = 93.7% Specificity = 79.2%
High risk: Sensitivity = 37.5% Specificity = 97.8%




ex of certainty for the
urrence of. scapularis
pulations in the field

Ogden et al., Int J Health Geogr 2008




Mapping algerithm
(temp x birds)

2000 4000 6000 8000 10000 12000 14000 16000

Predictive scale for |. scapularis used in risk maps

Model -generated temp
suitability

50 100 150 250

Model-generated temperature-suitability for I. scapularis




Possible populations: Slow
Establishment Scenario
















Re-emergence of an endemic
disease:
West Nile Virus in Canada




Need for ferecasting

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44

West Nile Virus Cases in Canada 2003 to 2007




\What tools does public health need?

o Predicting what, when and where risk may occur
for:

— Risk analyses to drive national, provincial and mun icipal
policy
— Targeting surveillance and intervention

These objectives determine spatial and temporal

resolution needed

The tools:

— Modelling: analytical modelling, simulation modelli ng
and statistical modelling

Mapping (GIS) = where (national and local)
Forecasting = short time scale (month to year)
Projection = long time scale (century)

Near future projection (next decade)




Evaluation of surveillance systems fior
emerging/anticipated infectious disease risks

Simplicity (useful for E/P/T municipalities)
Flexibility (responsive to changing threats)

Acceptability (ethical, environmental impact, practical
for users)

Validity (statistical ‘diagnostic test’ performance)
— Sensitivity
— Positive predictive value

Representativeness (identifies location and time of risk
correctly)

Timeliness (rapid identification of threshold values to
trigger interventions)




Our approeach: multi-criteria decision
analysis

e The decision — which survelllance method to use
* The criteria and their weighting (stakeholder-led process)
— Need (risk maps and projections)
— Standard evaluation criteria:
o Simplicity
Flexibility
Acceptability
Validity (performance)

Representativeness
e Timeliness

— Cost-benefit
— Weighting on the basis of strength of evidence
 Mathematical model with explicit recording of:
— Quantified processes
— Strength of evidence
— Qualitative processes
— Stakeholder engagement
* Flexible to changes in inputted information (e.g. research findings)




Conclusions

Predicted climate change effects on human  -vector -human
systems are unclear to date, mainly because of unce  rtainty of
effects on society

Observed climate change effects on VBD are unclear (but who's
measuring?)

Climate change Is likely to increase the risk from, and geograph ic
scope for emergence of, VBZ such as Lyme

Climate change may already be influencing Lyme expansion into
Canada

Analytical, simulation or statistical modelling + risk maps are
useful in informing risk analysis, prioritisation for public health
policies, targeting surveillance - but strengths and limitations
need to be recognised

We need to adopt the precautionary principle in ris k assessments
and overlay these with sociological risk/protective factors

We are at an early stage in assessing the risk

We are at an early stage in being able to inform ad aptation but aim
to use flexible methods such as MCDA
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