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in VBD research, surveillance, prevention and response. It is 
important to note that the emergence and expansion of diseases 
in resource-limited countries with weak surveillance capacity 
and health systems increases the risk of introducing disease to 
other countries because of increasing global interconnectedness. 
This highlights the need for coordination and global health 
partnerships to address emerging VBDs in Canada and abroad.
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Background
Since the scientific and public health communities began 
to consider the health effects of climate change, the risk of 
vector-borne diseases (VBDs) have been at the forefront of 
discussions because of the sensitivity of mosquitoes and ticks, 
and the diseases they transmit, to climate and climate change 
(1).

Objective
To review the risks of emergence and re-emergence of tick- and 
mosquito-borne diseases in Canada, and propose that urban and 
suburban planning and design may modulate these risks.

Narrative
Mosquitoes and ticks are susceptible to climate because a) their 
mortality rates are affected by temperature and humidity; b) the 
rates of progress from one life stage to the next (and thus their 
lifecycle length and abundance) are temperature-dependent; 
c) breeding rates are affected by climate; and d) host-seeking
activity of vectors varies with temperature and humidity. For 
mosquito-borne diseases the extrinsic incubation period – or the 
time it takes for a virus to get from the gut of a mosquito to its 
salivary glands – depends on temperature. If the climate is too 
cold, the extrinsic incubation period is longer than the average 
survival time of a mosquito so viral transmission will not occur. 
However, different VBDs will respond differently to the long-term 
changes in temperature and rainfall patterns and the increased 
climate variability and extreme weather events that are expected 
to occur with climate change.

New mosquito-borne and tick-borne pathogens may emerge 
and spread in Canada as climate change makes more of the 
country suitable for the vectors and pathogens. However, these 
may follow different patterns depending on the vector. Variable 
climate and extreme weather events can result in epidemics 
of mosquito-borne diseases but not of tick-borne diseases 
because of the vectors’ different lifecycles (2). This has been 
shown by the epidemiologic patterns of West Nile virus, which 
are characterized by initial rapid geographic spread followed 
by endemicity and a decline in activity, but with occasional 
epidemics in some years when rainfall and temperature patterns 
drive vector abundance. However, the emergence of Lyme 
disease has been characterized by slow geographic spread 
followed by relatively constant levels of risk year-on-year. 
Model-based risk assessments of the emergence of Lyme disease 
in Canada suggest a geographically widespread future risk; to 

date, these have been consistent with recent surveillance. Risk 
assessments for more tropical mosquito-borne diseases such as 
Zika and chikungunya suggest that risk will increase but will likely 
be limited to certain areas in southern Canada.

The actual risk posed to the Canadian public by current trends 
in VBDs may be modulated by urban and suburban planning. 
Heavy rainfall is more likely to increase mosquito breeding in 
suburban areas, but drought allows stagnant pools of water in 
drains and sewers in urban areas to act as breeding grounds 
(3). Suburban landscape design will determine the degree to 
which residents come into contact with disease vectors: the 
greening’ of urban spaces to reduce heat islands combined with 
public health encouragement to walk and cycle may increase our 
contact with mosquitoes and ticks. Suburban gardens have few 
species of birds and mosquitoes – but those that are present are 
often efficient at carrying and transmitting West Nile virus, thus 
increasing the risk of West Nile viral infection. 

Conclusion
Climate change is likely to drive the emergence and 
re-emergence of VBDs in Canada (4). However, the degree to 
which the Canadian public will be at risk from these diseases will 
be determined, at least in part, by how we design, build and 
manage urban and suburban environments.
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Background
Current urbanization patterns are having significant impacts on 
the epidemiology of vector-borne diseases (VBDs), particularly 
in the low- and middle-income world. A better understanding 
of urban typologies and monitoring of vulnerable populations 
will enable improved environmental management and targeted 
interventions.

Objective
To explore global policy challenges and immediate and 
long-term approaches to address urban VBD risks.

Narrative
Poor urban communities are most vulnerable to VBDs. 
For example, the recent spread of Zika virus in low- and 
middle-income countries has been facilitated by urban crowding 
and poor housing in conjunction with a lack of running water, 
inadequate water storage, poor surface water drainage and 
waste management. The spike in Zika-related microcephaly cases 
concentrated in the poor and underdeveloped north-east of 
Brazil has been one of its most unfortunate outcomes. 

UN-Habitat, as the agency for sustainable urban development 
seeks to influence the growth of cities through improved 
urban planning and provision of appropriate infrastructure. It 
also has the tools and experience to enhance the capacity of 
local governments and communities in emergency contexts 
to upgrade basic services to reduce transmission of VBDs, 
compliment other medical interventions and facilitate 
surveillance and mosquito (and other vector) control.

Previous experiences in mitigating epidemics show that 
community participation is critical. In particular, lessons can 
be drawn from decades of efforts to reduce the spread of the 
dengue virus. People are more likely to support control policies 
and adopt preventative measures when they are involved. 
Community outreach has also shown to have a positive impact 
on citizen cooperation and trust in authorities (1). 

On a global level, the sustainable development agenda provides 
an opportunity to develop indicators and targets that show 
the importance of health as a precondition for sustainable 

development (2). Embedding health-related indicators in the 
post-2015 goals can help to raise awareness of the probable 
health gains from sustainable development policies, and the 
costs of not adopting these policies. For example, previously we 
did a poor job at increasing awareness of the health care costs of 
urban sprawl.

There are many reasons why urban sprawl is bad for health. 
One reason is that the low population densities mean that 
the per capita costs of service provision are extremely high 
(3), particularly for networked systems to deliver clean water 
and remove excreta and wastewater. Also, access to critical 
health-care facilities becomes increasingly difficult. Improving 
mobility is also important. The benefits of recent efforts to 
mitigate urban sprawl by increasing urban density along public 
transit lines and providing walking-friendly spaces in urban areas 
has made addressing urban sprawl more attractive to decision 
makers.

As part of the immediate response to urban VBD risks, 
heightened surveillance and mosquito control measures are 
critical. There is a need to understand more fully the pattern of 
the disease transmission in low-income areas of larger cities. 
This is frequently in the periurban areas. In most informal 
settlements the citizens have no fixed geographical location. 
In addition, their lifestyle is often transient. Giving low-income 
populations a physical address not only enables them to gain 
access to essential services but also provides disaggregated 
health data. To address the vulnerability of affected populations 
at the source, investments need to be made towards improving 
water storage, sanitation and drainage, garbage collection 
and housing. Zika is a good example in this respect. The aedes 
vector is exclusively a “container bred” mosquito. Covering 
water containers and collecting garbage, which allows water to 
accumulate, can greatly contribute to effective control. 

Conclusion
As a part of a long-term control strategy, there is a need to 
address the underlying urban poverty and its conditions that give 
rise to epidemics such as Zika and develop indicators and targets 
that show the importance of health as a precondition for and an 
outcome of policies to promote sustainable urban development. 
Taking a closer look at urban planning, the provision of basic 
infrastructure and housing design, and increasing infrastructure 
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https://doi.org/10.14745/ccdr.v42i10a05 

mailto:alabaster.unhabitat%40unog.ch?subject=
https://doi.org/10.14745/ccdr.v42i10a05


CCDR • October 6, 2016 • Volume 42-10 Page 204 

PROCEEDINGS

investments will greatly reduce the current spread as well as 
future outbreaks of vector-borne diseases.
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Built environment and health
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Background
Recent decades have seen an unprecedented rise in the global 
burden of obesity and diabetes. In North America and many 
other regions, these trends have coincided with changes in urban 
design that favour sprawling, car-oriented communities with 
few destinations reachable on foot. In the search for population 
approaches to curb the rise in obesity, public health officials have 
turned their interest to the “built” environment—which includes 
elements of urban and suburban design such as buildings, 
streets, parks and transportation systems—as a potential target 
for public health policies.

Objective
To identify whether walkable, urban neighbourhoods in Canada 
are associated with lower levels of overweight, obesity and 
diabetes than less walkable ones and to explore the potential 
impact of policies that promote walkable urban design on the 
rate of vector-borne diseases (VBDs) in cities.

Narrative
Neighbourhoods built following WW II are characterized by high 
levels of urban sprawl, fewer connections between streets and 
zoning laws that separate residential lands from local stores and 
other amenities. Residents of suburban areas spend, on average, 
more time per day in cars and have lower rates of walking, 
cycling and public transit use, and a lower likelihood of meeting 
physical activity guidelines (1-5). People living in car-oriented 
communities not only lose opportunities for physical activity but 
may be exposed to more pollutants while driving (6).

Growing evidence that includes a large, observational 
Canadian study shows that neighbourhoods that provide 
more opportunities for walking and cycling have lower rates 
of obesity and diabetes (1,7-11). The co-development of 
residential and commercial areas generally increases walkability 
scores. Zoning laws that permit this type of development are 
extremely important in building connected and walkable cities. 
Other factors that may promote physical activity include the 
expansion of public transit options as well as parks, recreational 
spaces, trails and cycling paths. However, if VBD infection rates 
continue to grow in urban areas, the theoretical increased risk 
of these diseases from increased outdoor exposure will need 

to be managed. Efforts to create urban green spaces that 
foster physical activity will also need to consider how to reduce 
their potential as a breeding ground for mosquitoes and other 
vectors.

Conclusion
Research suggests a relationship between the built 
environment and obesity-related diseases. The design of urban 
neighbourhoods may be an additional consideration in the 
emergence of VBDs.
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Background
Current trends in land uptake for built-up areas clearly contradict 
the spirit and the principles of sustainability in many places in 
the world. There is considerable debate about the definition of 
“urban sprawl” but most authors agree that urban sprawl can be 
perceived visually in a landscape and that the degree of sprawl is 
higher when: a) more area is built up; b) the buildings are more 
dispersed in the landscape; and c) the land uptake per person is 
higher (1).

Objective
To summarize the social and ecological impacts of urban sprawl, 
explain a novel way to measure urban sprawl, and to summarize 
the degree of urban sprawl in Switzerland (1935–2010) and in 
Montréal (1951–2011) and to compare the degree of sprawl in 
Europe (2006–2009) and two cities in Canada (Montréal and 
Québec City).

Narrative
Urban sprawl has a number of ecological and social effects, 
including effects on land cover, local climate (e.g. the urban 
heat island effect), water, flora and fauna, as well as greater 
segregation based on income, longer commuting times 
and lower social interaction (2). Urban sprawl also affects 
micro-climate and habitat availability for vector and host 
species and vector capacity (3). For example, mosquitoes’ 
and ticks’ growth, survival and behaviour are very sensitive 
to environmental temperatures. In temperate climates, urban 
heat island effects can increase vector development rates, but 
can also countervail survival and feeding behaviour (3). Urban 
conditions such as habitat suitability and local temperature 
regimes, and the heterogeneity of urban landscapes can 
influence the five components of vector capacity: vector density, 
survival rate, biting rate, extrinsic incubation period and vector 
competence. How urban conditions influence transmission 
processes is an important direction for future research (3).

We used a novel method, weighted urban proliferation (WUP), to 
quantify urban sprawl and its increase in Switzerland (since 1935, 
scenarios for 2050) (1), in Europe overall (2006–2009) (4), and in 
two cities in Canada (Montréal and Québec City) (5). In Montréal, 

urban sprawl has increased exponentially since 1951. In both 
Montréal and Québec City, urban sprawl has become a serious 
problem since the late 1980s, increasing as it has at a rate faster 
than ever before (5,6). 

Without rigorous measures, urban sprawl will continue to 
increase, but there are cases that demonstrate that sprawl can 
be reduced. For example, as a consequence of intense public 
discussion, the Swiss Spatial Planning Act was revised in 2013 
to make it stricter (1). Quantitative data on urban sprawl are 
useful for monitoring what is happening, for comparing with 
alternative planning scenarios and for establishing targets 
and limits similar to those in other environmental sectors. For 
example, Hennig et al. (4) proposed a de-sprawling strategy for 
Europe and the WUP method has recently been implemented in 
Switzerland’s landscape monitoring system (7). The Alternative 
Bank of Switzerland is using the WUP method to avoid approving 
mortgages for projects that would strongly contribute to urban 
sprawl (8).

Conclusion
The rate at which urban sprawl has increased in Montréal over 
the last 25 years is faster than ever before. In both Montréal 
and Québec City, “urban sprawl has gotten out of control and 
has turned into a serious and fast growing problem” (5). The 
exponential acceleration of sprawl is a direct contradiction to 
controlled and sustainable urban development, and better 
integration of transport planning and urban planning is 
urgently needed. In order to curtail urban sprawl, the Quebec 
transportation ministry (Ministère des Transports, de la 
Mobilité durable et de l’Électrification des transports) and the 
City of Montréal need to work together to better coordinate 
policy and planning. Also at issue is how control can be 
redistributed among the different levels of government: the 
municipal authorities rely on land development to maintain and 
increase their tax base, and the regional government (i.e. the 
Communauté Métropolitaine de Montréal) has insufficient power 
to limit sprawl (9).

Further sprawl could be avoided if appropriate regulations and 
incentives are created, for example, by establishing quantitative 
limits (2). Learning from the experiences of other countries can 
help avoid repeating mistakes, for example, by reducing funding 
of unsustainable urban development. To address the effects of 
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climate change on cities, Montréal city planners and residents 
are now working towards enhancing the connectedness of 
natural areas in the city (6,10). This could help reduce the urban 
heat island effect and help keep the density of vector and 
host species within a reasonable range through the dynamic 
balancing that takes place in ecological communities (i.e. 
predator–prey relationships of food webs within a network of 
natural areas rather than isolated patches).
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Background
We are living in a period marked by intense urbanization —more  
people live in cities that are getting larger and taking up more 
territory. Urbanization also means that urban ways of life, 
specifically urban ways of relating to time, space and affect 
are dominant (1,2). Risk-taking and fear among youths who 
practice extreme sports, “risky” activism, drug consumption and 
delinquency, are becoming more prevalent in urban settings. 
Although these forms of risk-taking are different from the 
decision to follow or not follow public health guidelines, we can 
nevertheless use them to understand how, in an urban world, our 
relationship to time and affect is profoundly changing from what 
we knew previously.

Objective
Based on fieldwork, the objective is to provide a sociological 
analysis of the following questions: How does fear affect 
people’s daily behaviour in the city? How might we understand 
people who voluntarily put themselves at risk? What does caring 
mean in anonymous urban settings? The answers to these 
questions will help inform public health communications on 
emerging vector-borne disease (VBD) risks.

Narrative
Let us begin with two stories. In April 2009, Mexico City was 
fighting the H1N1 epidemic. The city was swept with panic. 
Rumours were linking various sources of fear (drug traffickers, 
the economic crisis, state corruption and earthquakes). From a 
sociologic perspective, these rumours revealed a lack of trust in 
national and international public authorities. In the end, however, 
the city’s everyday landscape was transformed as people 
followed preventive measures: wearing masks, not greeting 
with a handshake. In March 2016, another influenza epidemic 
was feared. But panic did not take over the city. Instead, people 
knew what to do and expect. They wore masks and adapted 
their behaviour.

At the same time, another risk loomed over the city—the worst 
smog in 14 years. The cause? Between 2005–2013, the city 
saw an increase from 3.5 to 6.8 million cars. In addition, during 
those weeks, there was unprecedented atmospheric stability, 
high pressure and solar radiation which prevented pollutants 
leaving the atmosphere. The government declared a Phase 1 
emergency, on a scale from Pre-emergency to Phase 2. The 

public transit system was provided free to encourage people to 
leave their cars at home. And the government decided to double 
the number of cars that were banned from driving on one given 
day (reducing the number of cars by two million). The reaction 
was immediately negative. 

By juxtaposing these two examples I want to make the following 
point: When people fear immediate illness (such as influenza), 
they abide by preventive measures. When the risk is more 
remote or longer term (such as getting cancer in the future), they 
may not abide by preventive measures as they do not wish to 
give up their comfort (3,4). Immediacy is key here. Encouraging 
people to think of future consequences is a hard sell.

Risks don’t simply need to have a biological or statistical basis 
in order to be established in the public’s mind. For a risk to be 
taken seriously by a target group it needs to become a social 
problem. In order to become relevant in the public sphere, it 
must be politically constructed as a problem. If not, people 
will not care or even be conscious of the risk. It seems that as 
we move into a world of cities, conceptualizing the future is 
becoming increasingly difficult and thus the motivation to modify 
risk may be decreased. 

It is incorrect to assume that people will want to respond to 
a measurable risk. This ignores the fact that for a risk to be 
intelligible, it must be considered a public problem. Returning 
to the 2009 H1N1 crisis in Mexico City: people did not trust 
public institutions because there was a disjunction between 
the modern, rational, scientific way of posing the problem and 
the way people lived and felt about their everyday urban lives. 
Placing problems on the public agenda is a political matter. 
Climate change, for instance, was not something “hearable” a 
decade ago (5). Even though scientists had been talking about 
it for decades, it was not accepted in the public debate as a 
social problem. It took considerable political work to make it 
intelligible to state actors and the general public. 

Risk-management systems are too technical and depoliticized 
and therefore they are ineffective as they are not meaningful for 
the people who receive them. For instance, youth delinquency 
prevention programs are built entirely on risk factors, actuarial 
calculations and evaluation measures. This depiction of risk —
in this case the risk of committing petty crime or consuming 
drugs—ignores the humanity and the lived experience of the 
person who is the target of prevention programs. Youth in this 
system are no longer considered individuals with desires, moods 
and choices. Instead, they are considered bundles of probability 
statistics (6). This approach does not take into account the 
perspective of the youth who may think that life would be pretty  
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dull without risk and that risk-taking has its pleasures (7). It 
essentially dehumanizes the person who is the target of the 
prevention programs. 

Calculating risks and designing preventive measures accordingly 
may not be an effective way to address the emerging risk of 
VBDs in cities. As a youth prevention worker in Montréal-Nord 
(November 18, 2008) said, ”C’est important d’humaniser le 
gang. Dans le gang, il y a des individus qui ont des vies brisées.” 
(“It’s important to humanize the gang. In gangs, there are 
individuals with broken lives”). An effective approach needs 
to acknowledge people’s lived experience and be politically 
constructed as a problem for it to become a socially accepted 
risk. We need to humanize our approach and speak a language 
people can hear: care. 

Conclusion
Why do people continue to take risks even if it seems “irrational” 
to do so? There are two interrelated elements of response: 
Because they do not trust state authorities (8) and because they 
do not feel recognized as individuals with their unique desires, 
needs and feelings.

It is an unfortunate characteristic of risk-management systems to 
think systematically and not in terms of human interactions (7,9). 
If there is no trust, if people do not feel that they are recognized 
as individuals, then the critical process of politicizing a problem 
will not occur. When this happens, the problem does not appear 
on the social radar and all risk communication is perceived as 
irrelevant.

Caring fundamentally speaks of human interactions. People do 
not isolate one risk (for instance, vector-borne diseases), they 
make decisions based on their lives as a whole. And this can be 
understood only if we humanize our approach to risk-prevention.
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Background
We have long recognized the role of climate and environmental 
change in driving the distribution and incidence of vector-borne 
diseases (VBDs), both on a global and local scale. VBDs are 
considered particularly sensitive to climate change due to the 
importance of climate and weather in determining the life cycle 
of disease vectors and the transmission potential of pathogens. 
Many of these important ecological changes and drivers are 
themselves driven by social change and the distribution of VBDs 
remains strongly correlated with social determinants. 

A debate has arisen within the climate change and health field 
regarding the importance of climate change vis-à-vis the social 
determinants of health. This debate—largely attributable to 
the conceptual and methodological complexity of integrating 
climate and social determinants into quantitative models—has 
contributed to perspectives ranging from “there is little evidence 
that climate change has already favoured infectious disease” (1) 
to “climate change is potentially the biggest global health threat 
of the 21st century” (2). The field of public health is predicated 
upon evidence-based decision-making. As a result, our inability 
to appropriately conceptualize and confidently model climate 
impacts on health in the context of existing social gradients is 
an important constraint to an effective public health response to 
climate change.

Objective
To review our conceptual understanding of how social and 
climatic variables interact to affect global VBD transmission.

To critically appraise the extent to which existing conceptual 
approaches and analytic methods in epidemiology have—or 
have not—successfully integrated social determinants into 
climate change projections.

To identify challenges and opportunities for improved 
conceptual and methodological integration of social and climatic 
determinants of VBDs in a changing climate.

Narrative
Three key points are presented using case studies. a) The 
effects of social determinants on VBDs are significant and 
well-established, yet poorly integrated into climate models. 
b) Climatic and social determinants interact to affect VBD
transmission and manifest at very different scales. It is 
therefore difficult, not particularly constructive and, in some 
cases, inappropriate to compare their relative effect on VBD 
transmission. c) Due to this social modification of climate effects, 
existing social gradients in health provide intervention entry 
points for adaptation to predicted climate change impacts on 
VBDs. 

It is not that social determinants matter more than ecological 
or climatic determinants, but rather that social variables are the 
proximal drivers that will modify the extent to which climate will 
impact VBDs globally. Two examples illustrate these points. 

The first case assesses the likelihood of autochthonous (locally 
acquired, mosquito-transmitted) malaria re-emergence in 
Canada (3,5). Malaria transmission occurred in Canada in the 
past and southern Ontario has the conditions (the presence of 
a competent vector, potential for limited but sufficient climatic 
conditions for parasite replication) for transmission today (3). 
Specifically, the malarial parasite Plasmodium vivax requires 
approximately 30 days at 18ºC or 20 days at 20 ºC. Above 33ºC 
or below 16ºC, the cycle cannot be completed and transmission 
will not occur (3). Such conditions already occur in Canada for 
short periods and in locations with competent mosquito vectors 
(particularly southern Ontario) and future warming is expected 
to increase the potential number of cycles and replications. For 
example, from 1983–2003, there were fewer than 40 consecutive 
days with a mean daily temperature greater than18ºC per year 
in southern Ontario. By 2070–99, we can expect 90 consecutive 
days greater than 18ºC per year in this region, reflecting the 
potential for three full Plasmodium vivax transmission cycles 
in Canadian mosquitoes (3). These are underestimates since 
the parasite does not require consecutive days of heat for 
transmission. In parallel, increased international travel from 
malaria-endemic regions and high population densities coincide 
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spatially in southern Ontario, increasing the probability of 
theoretical transmission intensity (3). 

However, a finer-scale spatio-temporal analysis of risk in 
southern Ontario indicates that very few imported malaria 
cases (parasite presence) coincide with areas where vectors 
are present (4,5). Imported malaria cases are predominantly 
located in the Greater Toronto Area (GTA) in lower income, 
high-density neighbourhoods with a higher proportion of 
immigrants from malaria-endemic areas (4). In contrast, vectors 
are largely present in the Toronto suburbs and outlying cities 
on the edges of the GTA (5). This case-study illustrates how 
VBD risk is scale-dependent and that the scales at which social 
and climatic determinants vary—and typically at which data are 
available—are often vastly different. While social determinants 
typically vary spatially from neighbourhood to neighbourhood, 
climate and weather do not vary across neighbourhoods, but 
rather across broader regional scales. Similarly, while weather can 
vary temporally on an hourly basis, social determinants of VBDs 
typically only vary significantly over years or decades. 

The case of malaria in Canada illustrates the interacting 
role of social and climatic determinants of VBD risk and the 
challenge of disentangling them. This point is developed further 
by presenting forthcoming results from Uganda and Peru, 
demonstrating significant effect modification by social gradients 
of the impact of weather on the incidence of VBD. In these 
additional examples, it can be empirically shown that social 
variables are not simply confounders (controls) of the effects of 
climate on health, but rather effect modify the extent to which 
climate will affect VBDs. Despite this, social variables are rarely 
integrated into climate-health models as effect modifiers. In this 
context, we cannot attribute changes in VBDs independently to 
climate variation.

Conclusion
In the face of negligible international success in reducing climate 
change emissions, we must adapt to the emerging health 
impacts of climate change. Intervention on climatic determinants 
of health is thus an inadequate yet important lever for public 
health action. We can develop interventions to modify social 

determinants. As effect modifiers of the climate-vector-borne 
disease relationship, social interventions have the potential to 
reduce climate impacts on health beyond direct health benefits 
by reducing climate vulnerability. Social determinants of VBD 
transmission provide the most feasible and perhaps only realistic, 
opportunity for VBD control and prevention in a changing 
climate.
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Background
Effectively decreasing vector-borne diseases (VBDs) involves 
understanding local vector ecology and patterns of disease 
transmission through surveillance and research before choosing 
the appropriate public health interventions.

Objective
To describe why, where and how to intervene to protect the 
population from VBDs in the context of urbanization and climate 
change, and to present different risk assessment processes and 
intervention strategies in Quebec.

Narrative
Vector-borne diseases require a pathogen of interest, vector(s), 
reservoir(s), the environment into which both the pathogen and 
vector evolve and animal or human hosts. The National Institute 
for Public Health of Quebec (Institut national de santé publique 
du Québec; INSPQ) has framed a public health risk management 
strategy that includes risk assessment that leads to intervention 
options for public health authorities including regional health 
boards and the Quebec Ministry of Health and Social Services 
(Ministère de la santé et des services sociaux [MSSS]) (1). 
The province’s legislation foresees the establishment of 
governmental intervention plans to control VBDs when the 
health of the population is threatened by potentially infective 
vectors (2).

Governmental intervention plans were established following the 
discovery of West Nile virus in Quebec in 2002 (3). Integrated 
surveillance by INSPQ monitors human and animal cases and 
analyses mosquito surveillance data. The epidemiology of this 
infection varies in time and space, generating unpredictable 
outbreaks. 

Intervention strategies to reduce the morbidity and mortality 
associated with West Nile virus include using larvicides, 
communicating with the public about the risk of the disease and 
about how to decrease exposure and reduce breeding sites, and 
communicating with physicians about diagnosis, treatment and 
reporting. Héma-Québec is following preventive measures by 
screening blood donations.

The public health intervention strategy regarding Lyme disease is 
different. This disease has a different epidemiology, progressing 
slowly northward from the southern border. The first case 
reported to be acquired in Quebec was in 2006; since then, 
the number of local cases has increased. The Regional Health 
Board in the Montérégie, one of the regions of Quebec where 
the risk is substantial, has been proactive in managing the risk, 
mainly through educating the public about preventive measures, 
including modifying the landscape to reduce tick-breeding sites 
and small-rodent reservoirs.

In 2014–2015, the MSSS intervened to limit the number of locally 
acquired cases of Lyme disease and to reduce complications 
associated with the disease. Province-wide communications 
were sent to outdoor enthusiasts and residents in affected areas 
about the risk, preventative measures (such as checking for and 
effectively removing ticks) and early symptoms that should be 
seen by a health professional. Physicians were also provided with 
detailed explanations about the risk of Lyme disease following 
a tick bite, ways to improve diagnosis and the tools available to 
guide post-exposure prophylaxis (4).

The Quebec population is also at risk of Zika virus infection 
when travelling in countries with mosquito-borne transmission, 
as well as locally through sexual and possibly blood-borne 
transmission. The epidemic that emerged in 2015 in Brazil has 
led to the discovery of a causal link between Zika virus infection 
and congenital abnormalities, including microcephaly. Travel 
clinics explain the risk of transmission and suitable preventive 
measures, as do health professionals who work with vulnerable 
populations, particularly pregnant women. Héma-Québec 
has started excluding all blood donations from people who 
have travelled in countries with known Zika virus transmission. 
INSPQ has developed a risk assessment on the emergence and 
transmission of Zika virus in Quebec, taking into account the 
major public health consequences that this infection could have 
on the population (5).

Climate change has impacts on VBDs, and Quebec must adapt 
to protect the health of its population. Ongoing challenges 
include supporting efficient risk assessment, ensuring available 
interventions are cost-effective, and being aware that adaptation 
strategies to some health issues (e.g. heat island effect) might 
conflict with VBD intervention strategies (increasing vectors 
habitat). 
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The One Health approach looks at public health issues at the 
human–animal–environment interface. This approach would 
allow cities to adapt to VBDs in a changing climate. In Quebec, 
it is central to the activities and mission of the Observatory on 
Zoonoses and Climate Change Adaptation, created by INSPQ 
in 2015. This interdisciplinary structure allows experts and policy 
makers to share knowledge, concerns and potential approaches 
in dealing with zoonoses, including VBDs, and climate change 
adaptation (6).

Conclusion
Human surveillance, vector surveillance and a shared vision are 
needed to develop integrated intervention strategies against 
VBDs. Mitigation efforts might be the key to ensure that 
adaptation to one public health issue does not interfere with 
another. The Observatory on Zoonoses and Climate Change 
Adaptation is an innovative way to demonstrate One Health in 
practice.
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Background
Insecticides are important tools in the arsenal of public health 
officials to control vector-borne diseases (VBDs). Research 
suggests that climate change may increase the occurrence of 
VBDs at higher latitudes, including Canada, which may result 
in increased use of insecticides for public health purposes. It 
is crucial that the risks and benefits of insecticide use in this 
context be determined to ensure that the safest available 
measures are taken to control VBDs in Canada. 

Although limited data is available from developed countries, 
insecticide use in the context of malaria control in developing 
countries can be used as a case study. In the early 2000s, a 
massive malaria control campaign was undertaken following 
the establishment of malaria reduction targets by the World 
Health Organization (WHO) and the United Nations Millennium 
Development Goals, as well as a WHO position shift in favour 
of the scale up of indoor residual spraying using all available 
insecticides including dichlorodiphenyl trichloroethane (DDT). As 
a consequence, the number of countries using indoor residual 
spraying rose from 49 to 88 and the number of people exposed 
to insecticides in this context rose to almost 200 million. In 2014, 
53 countries reported using indoor residual spraying to control 
malaria, exposing 116 million people (1).

Objective
To present the state of knowledge on the health effects of 
exposure to DDT and pyrethroid insecticides; recent preliminary 
results on exposure to DDT in the context of indoor residual 
spraying in South Africa; and the implication of these results to 
disease vector control in Canada.

Narrative
Although internationally banned by the Stockholm Convention 
on Persistent Organic Pollutants, DDT use is exempted for 

disease vector control. A total of 10 countries currently use DDT 
and, with 43 countries, pyrethroids are the most widely used 
insecticides for indoor residual spraying (1). Although effective 
in curbing malaria, the potential side effects of insecticide in this 
context are poorly understood. 

DDT and pyrethroids kill insects by interfering with nerve 
function (i.e. modulating sodium channels) and data from 
laboratory studies show that these insecticides are neurotoxic 
in mammals. Although human data have not been entirely 
consistent, evidence suggests that exposure to DDT may alter 
child neurodevelopment (2). For instance, one study found 
that prenatal exposure to DDT was associated with altered 
processing speed in children at age seven (3). In addition, some 
evidence suggests impacts of DDT on fetal growth, gestational 
duration as well as on immune and endocrine function (2). 
Little human data exists regarding the developmental effect 
of pyrethroids despite the fact that fetuses and children are at 
higher risk of adverse health effects than adults due to their 
high food consumption per unit body weight, high skin surface 
to volume ratio and limited detoxifying capabilities. Among 
the few studies on the topic, some, though not all, have found 
relations between exposure to pyrethroids and altered child 
neurodevelopment (4,5).

The Venda Health Examination of Mothers, Babies and their 
Environment (VHEMBE) is a birth cohort study of  
751 mother-child pairs taking place in the Vhembe district 
of Limpopo province, South Africa, which aims to assess the 
potential impact on child health and development from exposure 
to DDT and pyrethroids.

This study found that DDT use for indoor residual spraying 
was associated with significantly increased contamination of 
the indoor environment based on house dust samples (5). In 
addition, women whose homes were sprayed during pregnancy 
had blood concentrations of DDT and of its breakdown 
product, dichlorodiphenyl dichloroethylene (DDE), that were 
substantially elevated relative to those whose homes were not 
sprayed (unpublished observation). The VHEMBE study will 
soon investigate associations between exposure to DDT and 
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pyrethroids and fetal growth, gestational duration, thyroid 
hormones, neurodevelopment and immune function.

Conclusion
Indoor residual spraying with DDT was associated with indoor 
contamination and elevated exposure among pregnant 
women, which may affect child health and development. 
Although pyrethroids are one of the main classes of insecticides 
considered for use to control VBDs in Canada, little data exist 
on the impact of indoor residual spraying or space spraying on 
human exposure to these insecticides or child health. Research 
on this topic is urgently needed so that public health officials 
may make informed decisions for VBD control in Canada. 
This is more immediately demonstrated by the recent spike in 
Zika cases on the American continent, which may be an early 
development in an increase in VBD incidence in Canada as a 
result of climate change.
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Background
In Canada, questions of resilience, robustness and health have 
become prominent in debates about city-building in recent 
years. Climate change and increasing chronic disease are now 
central to debates on urban policy. Planners, architects and other 
specialists of the built environment are now engaging more fully 
with peers in other disciplines, but relatively little is known about 
what the emerging challenges associated with vector-borne 
diseases (VBDs) mean for urban design and planning in Canada.

Objective
Synthesis of key themes arising from a workshop on VBDs in 
Canadian cities held at McGill University in April 2016 in terms of 
urban design and planning.

Narrative
At the two-day workshop, expert participants from many 
backgrounds important to public health (notably psychiatry, 
epidemiology, zoonotics, parasitology, microbiology, 
immunology, landscape ecology, geography, political philosophy, 
urban planning and civil engineering) shared thoughts on a wide 
range of issues that intersect in complex ways. What follows 
here is a brief description of the questions (and implications) 
regarding how metropolitan regions in Canada are planned, 
designed, built and maintained, and the potential impacts on 
VBD propagation. These are articulated in terms of five key 
points for future development. 

There is an unambiguous need for increased interdisciplinary and 
intersectoral discussion of infectious VBDs and chronic conditions 
as they impact the Canadian population in cities, suburbs and 
periurban contexts, where the vast majority of Canada’s 36 
million inhabitants spend their daily lives (1). As all levels of 
government embark on ambitious projects of infrastructure 
renewal—especially in the ageing postwar landscapes that 
constitute the bulk of our metropolitan regions—there is a 
renewed need for policymakers, planners and elected officials 
(who control public budgets and priorities for implementation) 
to engage in detailed, action-oriented exchanges on what can 
be done. Emerging challenges of VBDs must be addressed as 
well as chronic conditions linked to sedentary lifestyles, which 
have attracted considerable attention in the last 20 years as we 

have become more aware of the ‘upstream’ contextual factors 
affecting public health—such as urban form that requires its 
users to be car-dependent for everyday activities. 

Tradeoffs with other social, economic and cultural considerations 
must be identified and discussed. Contradictions arise among 
objectives, desirable outcomes and strategies that we can 
undertake in ways that are both timely and feasible (socially and 
politically). Certain tensions are apparent between what can 
readily be done to deal with chronic diseases—many of which 
are linked to the physical configuration of our metropolitan 
regions, e.g., urban form, density and ‘walkability’ (2,3)—and 
VBDs, which are often exacerbated by the various sorts of 
mediating measures taken to deal with chronic diseases. For 
instance, walkability is known to increase when people and 
activities are compressed in space (i.e., density), but this then 
calls for increased biomass (i.e., trees and other vegetation) 
to offset urban heat-island effects and the psychological 
discomfort many individuals have with crowded, densely-built 
neighbourhoods. Onsite storm water management (e.g., 
retention ponds) is now seen as desirable in urban and suburban 
contexts to prevent unnecessary stress on ecosystems and 
sewerage systems, but ticks and mosquitoes (notorious vectors 
for Lyme disease and the West Nile virus, respectively) may 
thereby have ample opportunities to proliferate. These are core 
questions of resilience and adaptive design as taken up in other 
areas of planning (4-6).

Issues of scale (scalability) and the resolution of information 
available to key individuals at different points on the 
evidence-to-policy-to-practice ‘pipeline’ are important. How 
should we identify, analyse and understand issues? How can 
effective responses then be developed and implemented given 
existing constraints? How should we monitor and adjust various 
intervention strategies? Specific concerns include  
‘who does what’ (different levels of government), data quality 
and continuity and knowability (i.e., the robustness of the models 
used to predict outcomes under different conditions). 

How can we face the real (practical) limits of planning and 
policy, especially in liberal democracies? Dealing with VBDs 
and chronic conditions in metropolitan regions is what political 
scientists call a ‘wicked problem’. Specific themes that were 
invoked at the workshop include public trust, the nature of 
authority and control, and the quality, efficacy, and timeliness of 
decision-making in deliberative democracies. 
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Finally, a question: What sorts of mechanisms can we develop to 
ensure continuity and efficacy in terms of strategies appropriate 
to issues as they become more or less important over time? 
Three points bear noting. First, knowledge production and 
dissemination/translation, i.e., how to increase awareness 
among non-specialists and (especially) among different groups 
of specialists in various sectors relating to public health, policy 
and urban affairs. Second, how to overcome the silos that tend 
to develop within and across sectors of policy and practice. 
Third, revising the distribution of responsibilities among levels of 
governance in Canada, since municipalities are forced to balance 
competing objectives through planning (notably including 
land development to maintain their tax base, which finances a 
wide array of services and infrastructure), and yet remain weak 
in terms of exerting real control over land development and 
securing adequate operating budgets though taxation. The 
topic of vector-borne diseases highlights the unmet challenge 
of balancing subsidiarity and paramountcy (in legal terms) or 
centralisation (in institutional terms).

Conclusion
The tensions and challenges revealed among different policy 
goals and objectives are not new in broad terms—similar issues 
have been discussed by Agyeman (7), Fainstein (8) and in two 
new collections edited by Dale et al. (9) and Reed & Lister (10). 
The interaction among the workshop participants suggested 
various paths to follow and important gaps that demand to 
be addressed. In particular, a structured symposium could 
be organized, one for which invitees would prepare detailed 
position papers and through which an agenda for in-depth 
research could be articulated, possibly leading to focused 
applications for collaborative interdisciplinary research.
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Introduction
The abstracts in this issue reflect key presentations given at a 
workshop in Montréal in April 2016 (1) to discuss vector-borne 
diseases (VBDs) in Canadian cities from an interdisciplinary 
perspective, in the context of climate change and healthy urban 
living (2-11). A key issue examined was: How are climate change 
and healthy urban living linked together and what do they 
mean for the future of VBDs in Canadian cities? The following 
summary seeks to highlight the key points of the workshop, their 
interconnectivity and the needs, gaps and opportunities that 
emerged from the presentations and discussions.

The global context
VBDs, such as dengue fever, chikungunya and Zika virus infection 
typically transmitted by certain species of aedes mosquito, 
are emerging or expanding infectious disease threats globally, 
especially in low- and middle-income countries. The factors 
that can cause them to emerge include rapid uncontrolled 
urbanization and population growth, overcrowding, lack of 
adequate housing and sanitation infrastructure, climate change, 
pathogen evolution and deteriorating vector control (1-4). In 
endemic areas of Africa and Asia, dengue, chikungunya and 
Zika viruses were typically maintained by wildlife reservoir hosts 
and several mosquito species. Spillover to human populations 
occurred when people became infected from contact with 
wilderness mosquitoes. Today, these diseases are almost 
entirely maintained in human-to-human transmission cycles. 
Consequently, mosquito-borne diseases are spread to new 
regions of the world where competent vectors exist, without 
animals taking part in transmission cycles, increasing the risk of 
global outbreak. This trend is further exacerbated by climate 
warming, which can promote vector replication and disease 
transmission in previously nonendemic regions (3). In addition, 
the emergence and expansion of VBDs in resource-limited 
countries with weak surveillance capacity and health systems 
heightens the risk of global spread (3). Together, these new 
trends emphasize the need for coordination and partnerships to 
address emerging challenges of VBDs globally and in Canada (3).

VBDs in Canada
Historically, VBDs of concern to public health were rare in 
Canada but in recent years, the mosquito-borne West Nile virus 
infection and the tick-borne Lyme disease have emerged as 
significant public health threats (4,5). West Nile virus infection is 
the most common mosquito-borne illness in Canada. This virus 
is maintained in nature by cycling between culex mosquitoes 
and certain bird species. Lyme disease, caused by the bacterium 
Borrelia burgdorferi, is the most common tick-borne disease in 
Canada. This infected tick is maintained in small mammals such 
as mice. Currently, vectors for both diseases have adapted to 
urban areas and live, feed and reproduce in close proximity to 
humans. West Nile virus is now endemic in Canada although its 
incidence fluctuates from year to year. The incidence of Lyme 
disease is steadily increasing as the geographic area covered by 
the ticks expands (4-6).

Canada has surveillance programs that track Lyme disease and 
West Nile virus infection effectively (5). Of concern remains the 
risk that “exotic” VBDs such as chikungunya and Zika could 
advance northwards from our southern neighbors as a result of 
increasing global temperatures that promote replication of aedes 
mosquitoes and virus transmission (4,5).

Impact of the urban environment and 
climate change on VBDs
Growing evidence points to the built urban environment, 
including urban sprawl, as a risk factor for chronic diseases such 
as obesity, diabetes and respiratory problems. In part, these 
diseases result from a dependence on cars for transportation 
and reduced opportunities for physical activity (6-8). Reducing 
urban sprawl and making cities more connected and walkable 
with parks and green and blue spaces can contribute to healthier 
living (6-8).

Urban sprawl also has a number of ecological effects because 
of its effect on land cover and local microclimate, water, flora 
and fauna and habitat availability for vector and host species 
and vector capacity. The growth, survival and behaviour of 
mosquitoes and ticks are highly sensitive to environmental 
temperatures which, in turn are influenced by urban heat island 
effects. This means temperatures in urban areas are higher 
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than in the surrounding rural areas (6). Efforts to mitigate heat 
island effects by creating more green and blue places such 
as parks and lakes could promote replication of mosquitoes, 
especially if combined with climate warming (8). This may also 
be exacerbated by pools of stagnant water associated with 
particular types of landscape and drainage design in both urban 
and suburban areas (3,4,6,8).

Mitigation and adaptation
Increasing global temperatures are a major risk factor for the 
expansion of emerging VBDs to countries with temperate 
climates. Although mitigation of climate change has become a 
global priority, this remains an ongoing challenge with limited 
prospects for improvement in the short to medium term. 
Strategies include addressing social determinants of health 
(especially in low- and middle-income countries), reducing 
heat island effects and urban sprawl, and promoting urban 
design principles that enhance healthy living while minimizing 
opportunities for vector breeding.

Increased surveillance of currently endemic VBD such as Lyme 
disease and West Nile virus (9), close monitoring including 
both human surveillance and vector surveillance (9), of possible 
oncoming VBDs in areas at risk for emergence and rapid 
case-detection for travel-related arrival of exotic VBDs needs to 
be prioritized (4,5). A strong communication strategy should be 
developed for the public on risk reduction, and for physicians  
on diagnosis and treatment (9).Messaging about personal 
protection measures also needs to be adapted to take into 
account changing urban populations and urban millennials’ 
response to risks and threats (10).

Lastly, there is an urgent need to evaluate and further develop 
vector control methods. For example, pyrethriod insecticides, 
larvicides and other chemicals are in use, but data on their 
effectiveness and safety are limited (11).

Needs, gaps and opportunities
There is general consensus on the need to continue to advocate 
strongly against climate change to reduce the risk of VBDs. This 
could include:

•	 Enhancing interdisciplinary and multi-sectoral 
collaboration (8);

•	 Overcoming the silo mentality that tends to develop within 
and across sectors of policy and practice (8); 

•	 Informing those involved with public health and policy and 
urban affairs of new knowledge and recommendations; 
and

•	 Expanding research to:
◦◦ Develop prediction models using tools such as 

geographic information system (GIS) to improve 
assessment of the risks of VBD emergence associated 
with migration, international travel and settlement 
patterns (2,4);

◦◦ Study the risks and benefits of insecticides including 
pyrethroids and larvicides (11);

◦◦ Gather more data on the behaviours of specific 
population groups especially with regard to 

risk-taking, international travel and changing habits 
and interests, which increase transmission risks of 
VBDs (10);

◦◦ Study the drivers of VBD emergence and transmission 
to devise better intervention programs (3);

◦◦ Study the interplay of climatic and social determinants 
in order to better understand their intricate 
relationship with potential emergence of VBDs in 
cities (2); and

◦◦ Analyze the costs and economic impacts of 
interventions versus no action.

Gaps at the local level could be filled by:

•	 Understanding the behavioural trends driving urban sprawl 
and population dynamics in and around urban centres to 
help develop effective policies at all levels (6);

•	 Understanding the particular types of landscape design 
(e.g. isolated patches vs. connected natural areas) that can 
increase or reduce the reproduction, survival and feeding 
of vectors, especially in built environments, and optimize 
urban planning and land-use strategies in urban and 
periurban areas to minimize the risks of VBDs (6);

•	 Intervening at the local level to address climate change 
because its effects are felt at the local level; and

•	 Improving the regulatory regime to control urban sprawl 
(6,8).

Strategies at the global level include:

•	 Implementing the United Nations Strategic Development 
Goals to address the problem of VBDs and other 
emerging infectious diseases (1); and 

•	 Continuing action against climate change. 

In terms of next steps, a structured symposium was proposed 
for which invitees would prepare detailed position papers and 
an agenda for in-depth research would be articulated, that could 
lead to focused applications for collaborative interdisciplinary 
research (8).

Conclusion
Both in a global context and in Canada, VBDs are of highest 
concern when placed in the context of climate warming and 
changes in land-use patterns. The built environment of cities is 
an important determinant of health. Enlightened urban design 
can help lower rates of chronic disease and limit the impacts of 
VBDs. This workshop, with participants from different disciplines 
and sectors, succeeded in promoting an appreciation of the 
many different perspectives that should be taken into account 
in order to look at the future in a climate-change context and to 
coordinate efforts for a global health partnership. 
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