
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu


 

 

 

 

 

 

 

 

 

 

 

LAND ECONOMY WORKING PAPER SERIES  
___________________________________________________________________  
 

 

Number: 63  Review of the Evidence Linking Climate Change to 

Human Health for Eight Diseases of Tropical 

Importance 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Corresponding Author:  
 
Corinne Baulcomb 
Land Economy Research Group  
SAC Research Division  
SAC Edinburgh  
 
EH9 3JG  
Tel: 0131-535-4031 
Email: Corinne.Baulcomb@sac.ac.uk 

 

 

 

 

 

 

 



REVIEW OF THE EVIDENCE LINKING CLIMATE CHANGE TO HUMAN 

HEALTH FOR EIGHT DISEASES OF TROPICAL IMPORTANCE  
 
Corinne Baulcomb  

 
ABSTRACT  

 
As human societies are beginning to feel the early effects of 21

st
 Century climate change, 

adaptation is becoming an increasingly important area of enquiry across a range of human 

sectors and activities. This is particularly true for the health sectors of tropical developing 

countries, as many of these countries will be some of the first to experience the impacts of 

global warming. Given this, it is important to understand the mechanisms through which 

climate change may impact on human health, and thus on the social welfare in tropical 

developing countries and the resourcing requirements of their health sectors. This paper 

reviews and synthesizes the published literature on the causal links between climate change 

and human disease for eight diseases of tropical importance: malaria, dengue fever, 

gastroenteritis, schistosomiasis, leptospirosis, ciguatera poisoning, meningococcal 

meningitis, and cardio-respiratory disease.   

 
KEY WORDS: Climate Change Health Impacts; Malaria, Dengue Fever; Gastroenteritis; 
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1. INTRODUCTION 

  
Anthropogenic, greenhouse gas-driven climate change is now nearly universally accepted 

as a global phenomena that will increase global mean temperatures, cause sea levels to rise, 

and likely change both the frequency and intensity of major storms around the world.  The 

longer it takes to stabilize emission levels, the more likely it is that parts of the planet will 

suffer irreversible environmental change as a consequence of these emissions. Similarly, 

while there is strong evidence that human societies are already beginning to feel the effects 

of climate change, the longer it takes to stabilize emission levels, the more likely those 

effects are to be extreme (IPCC, 2007). 

 

Climate change has the potential to affect disease and mortality incidence both directly and 

indirectly across a wide range of conditions the world over. Direct effects are those in 

which human health is decreased due to natural disasters and extreme events, where as the 

indirect effects of climate change on human health stem from the alteration by climate 

change of the complex socio-economic-environmental systems that govern disease 

transmission (McMichael, et al., 2004). Understanding the nature of these mechanisms 

through which climate change can impact on human health is therefore vital to adaptation 

efforts, both at the institutional and individual/household levels. 

 

This paper reviews and synthesizes a significant part of the published literature that focuses 

on unraveling these causal mechanisms linking climate change and human health. The 

review was conducted in two phases
1
. During the first phase, major World Health 

Organization (WHO) publications on the subject were consulted. During the second phase 

of the review, systematic literature searches were conducted in order to locate papers that 

specifically focused on deriving, modeling, or attempting to explain dose-response 

relationships between climatic variables (such as temperature and precipitation), and the 

following diseases of tropical importance: malaria, dengue fever, gastroenteritis, 

schistosomiasis, leptospirosis, ciguatera poisoning, meningococcal meningitis, and cardio-

respiratory disease. 

 

The results of this review are presented below. Section 2 provides an overview of the 

climate-health link for vector-borne diseases, and focuses specifically on malaria and 

dengue fever. Section 3 provides an overview of the climate-health link for water and food-

borne diseases, and focuses specifically on gastroenteritis, schistosomiasis, leptospirosis, 

and ciguatera poisoning. Section 4 focuses solely on meningococcal meningitis, and section 

5 focuses on cardio-respiratory disease. Section 6 provides an overall synthesis of the 

analyzed literature. It is envisaged that this paper would be a useful starting point for those 

needing to familiarize themselves with the current literature linking climate change to 

human health. 

 

2. VECTOR-BORNE DISEASE 

 

2.1  INTRODUCTION 

Vector-borne diseases are those diseases that are caused by a pathogen transmitted to 

humans primarily via biting arthropods such as mosquitoes, flies, fleas, and ticks (Ebi, et 

al., 2008; Kovats, et al., 2003d).  At a global scale, prominent vector-borne diseases that are 

climate-sensitive include: malaria, filariasis, dengue fever, yellow fever, west Nile virus, 

leishmaniasis, Chagas’ disease, Lyme disease, tick-borne encephalitis, plague, varieties of 

mosquito-borne encephalitis, ehrlichiosis, African trypanosomiasis, and onchocerciasis 

(Ebi, et al., 2008; Githeko, et al., 2000; Kovats, et al., 2003d; Kuhn, et al., 2005).    

                                                 
1 Please note the following: Because the case study countries for the larger project of which this literature review was a part were 

Caribbean countries, some Caribbean-specific searches were done for some of these diseases.  



 

The core of the vector-borne disease transmission cycle has three components that are all 

inter-related: the vector, the host (i.e. humans), and the pathogen. Vectors can become 

infected from biting an infected host, and can then subsequently infect other hosts. This 

disease transmission cycle, and thus the incidence of vector-borne disease, does not exist in 

isolation, however. Rather, it is sensitive to environmental change, and therefore to climate 

change, because of the role that environmental variables – and temperature in particular - 

play in both the spatial distribution of vectors and in the life cycles of both the vectors and 

the pathogens. Arthropod-vectors are unable to thermo-regulate, and each vector’s 

geographical and altitudinal distribution is consequently constrained by its species-specific 

physiological range of temperature tolerances (Githeko, et al., 2000). This means that the 

projected global temperature increases for the 21
st
 Century have the potential to expand, at 

a global scale, the geographic ranges of vectors and their pathogens. Those human 

populations that are currently shielded from certain vector-borne diseases as a consequence 

of their being situated in areas with an average temperature towards the lower threshold 

that is suitable for vector survival will thus experience an increased risk of disease 

incidence as global temperatures increase (Githeko, et al., 2000; Martens, et al., 1995a; 

Martens, et al., 1997; McMichael, et al., 2004).  

 

Within areas already conducive to vector survival, temperature increases which remain 

below the upper physiological threshold for any given vector or pathogen, will accelerate 

the development and maturation of both vectors and pathogens, as well as the metabolism 

rate of adult vectors (Githeko, et al., 2000; Patz, et al., 2003; Sutherst, 2004). This 

developmental acceleration can increase both the vector population size and the risk of 

humans coming into contact with an infectious vector, and thereby the risk of disease 

transmission (Martens, et al., 1997; Tabachnick, 2010).  Importantly, this may also 

decrease the time it takes for vectors and pathogens to develop resistance to chemical 

control measures by increasing the number of generations that occur within any given 

period of time (Martens, et al., 1997).   

 

Within these same areas, precipitation also affects the disease transmission cycle because it 

governs, at least to a certain extent, the availability and type of vegetation cover, as well as 

the availability, stability, and suitability of vector breeding sites in a given location 

throughout the year (Githeko, et al., 2000; Kovats, et al., 1999; McMichael, et al., 2004).  

  

 

Despite the sensitivity of vectors and vector-borne pathogens to environmental variables, 

the disease transmission cycle and disease incidence is also highly sensitive to location-

specific social, infrastructure, governance, land use, and economic conditions. These non-

environmental variables can impact both directly and indirectly on vector behaviour as well 

as on vector and pathogen survival. For example, government-funded vector control or 

vaccination programs can significantly decrease the vector population, or human 

susceptibility to disease, respectively, thereby reducing disease incidence (Githeko, et al., 

2000; Martens, et al., 1997; McMichael, et al., 2004).  

 

Additionally, although local environments do impact on human societies, there are also 

important social actions/variables that affect the disease cycle through their impact on the 

environment. Good examples of this include irrigation and deforestation, both of which 

alter both local vegetation types/ground cover and the location and availability of local 

water resources. These alterations change vector behaviour, and may in the short-term 

trump the effects of background precipitation or temperature on vector population 

dynamics (Githeko, et al., 2000; Martens, et al., 1997; McMichael, et al., 2004). 

Importantly, non-environmental variables also often strongly affect the contact patterns 
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between humans and vectors, and the standing level of immunity in a human population to 

infection (Githeko, et al., 2000; Martens, et al., 1997; McMichael, et al., 2004).  Finally, as 

Tabachnick (2010) discusses, both the environmental and the non-environmental variables 

which drive aspects of the disease transmission cycle will increasingly be affected and 

driven by climate change and climate variability, making the full system of drivers and 

impacts both relatively complicated and location and vector-specific (see figure 1).  

 

Figure 1:  Conceptualization of the full system of variables that affect the vector-borne 

disease transmission cycle and disease incidence. Adapted from 

(Tabachnick, 2010) 

 

 

 

 

 

 

 

 

       

The only vector-borne diseases considered more fully here are malaria and dengue fever 

(DF)/dengue hemorrhagic fever (DHF), both of which are classified as sensitive to climate 

change, and occur in many tropical developing countries. 

 

2.2 MALARIA 

 

2.2.1 INTRODUCTION 

Despite a significant contraction since 1870 in the geographic distribution of malaria, 

malaria is currently the most prevalent vector-borne disease in the world, and the world’s 

most significant infectious disease (Baron, 2009; van Lieshout, et al., 2004). It is caused by 

one of four species of protozoa that can be transferred to humans by any of the 70 varieties 

of Anopheles mosquitoes. Two of the four species of protozoa – Plasmodium vivax and 

Plasmodium falciparum – are responsible for more than 90% of the world’s malaria cases 

with P. vivax occurring over the greatest geographic range, and P. falciparum causing the 

most severe illness (Kovats, et al., 2003d; Martens, et al., 1995b; Martens, et al., 1997; van 

Lieshout, et al., 2004).  In endemic areas, children, the elderly, and immune-compromised 

individuals tend to be most vulnerable because of the lack of an immune system response to 

the protozoa (Abellana, et al., 2008; Craig, et al., 2004a; van Lieshout, et al., 2004). 

 

2.2.2 SYSTEMATIC LITERATURE SEARCH 

Given that malaria is considered highly sensitive to climate change at the global scale 

(Kovats, et al., 2003d; Kuhn, et al., 2005; Martens, et al., 1995a; Martens, et al., 1995b; 

Martens, et al., 1997), a literature search was conducted in order to determine the published 

availability of malaria dose-response functions and disease models that could be applied in 

climate change impact assessments. Papers included for consideration in this process were:  

 



1) Significant WHO publications on climate change and disease (Kovats, et al., 

2003c; Kuhn, et al., 2005; McMichael, et al., 2004; WHO, 2003a) 

2) Relevant citations recorded within these documents, and those publications 

returned from ISI Web of Knowledge (WOK) and Medline (OVID) topic 

searches for “Malaria AND Climate.”  

 

The WOK and Medline (OVID) searches yielded more than 800 non-unique results, from 

which 52 English-language articles were selected on the basis of abstract contents and title 

for further investigation. Of these 52 publications, a final selection was made consisting of 

32 papers published after 2000 (see Appendix I). This effort was not intended to be 

formally exhaustive, but was intended to provide a reasonable indication of the current state 

of knowledge and debate regarding the modelling of malaria.
2
 

 

The results of this search show that although there have been significant efforts to model 

malaria risk and incidence around the world, consensus is still lacking when it comes both 

to determining the best modelling techniques and to anticipating the impact that climate 

change will have on malaria.  Early efforts to capture the impact of environmental variables 

modelled epidemic potential based on a variety of variables (vector abundance, human 

population size, vector survival probability, vector biting frequency, and pathogen 

incubation period, and other entomological variables), and estimated that by 2100 global 

tropical epidemic potential would increase significantly compared to that in absence of 

climate change (Martens, et al., 1995b; Martens, et al., 1997). However, this could not be 

tied directly to malaria transmission because, among other reasons, human population 

immunity was not included in the model (Martens, et al., 1995b).  Consequently, the two 

major WHO publications instead used the validated Mapping Malaria Risk in Africa model 

(MARA) to estimate, by global region, the percent increase in the population at risk of 

contracting malaria (Campbell-Lendrum, et al., 2003; McMichael, et al., 2004). Though 

these studies present relative risk figures, they do not represent disease incidence and are 

based on broad geographic regions that hold a wide range of environmental and socio-

economic conditions. 

 

The post-2000 papers sub-set emphasized the following approaches to modelling and 

predicting malaria risk, potential, and transmission: 

 

1) Mathematical models of entomological and biological processes  

(Bhattacharya, et al., 2006; Hoshen and Morse, 2004; Lindsay, 

 et al., 2010; Lou and Zhao, 2010; Paaijmans, et al., 2009; Parham and 

Michael, 2010; Ruiz, et al., 2006) 

2) Large-scale scenario-driven models  

(Tol, 2008; van Lieshout, et al., 2004) 

3) Statistical short-term seasonal forecasting or regression-based models 

using environmental data and disease incidence  

(Abellana, et al., 2008; Bi, et al., 2003; Chatterjee and Sarkar, 2009; Craig, 

et al., 2004b; Dev and Dash, 2007; Gilbert and Brindle, 2009; Jury and 

Kanemba, 2007; Lindsay, et al., 2010; Teklehaimanot, et al., 2004; 

Thomson, et al., 2005; Thomson, et al., 2006a; Wandiga, et al., 2010; 

Wiwanitkit, 2006) 

4) Geographic Information System (GIS) and remote sensing (RS) analysis  

(Leonardo, et al., 2005) 

5) Analysis utilizing socio-economic and behavioural data  

(Coleman, et al., 2010; Craig, et al., 2004a; Stratton, et al., 2008).   

                                                 
2 Note: This statement on the purpose and limitations of the systematic literature search applies to every 

disease considered in this report.  



 

  

Further elaboration on the entomological models found is found in section 2.2.3 

 

2.2.3 ENTOMOLOGICAL MODELS 

Of the entomological models found in the more recent papers (all of which implicitly 

assume the constancy of all socio-economic and behavioural variables), Lou and Zhao 

(2010) include the most detailed visualization of the entomological cycle for malaria 

transmission (reproduced sans equations in figure 2 for reference). As shown in this figure, 

and discussed in Lou and Zhao (2010), key aspects of this cycle, including the duration of 

the gonotrophic cycle, vector biting frequency, and vector survival rates are sensitive to 

temperature, and will therefore be sensitive to the effects of climate change. Additionally, 

although not explicitly taken into account by Lou and Zhao (2010), the length of the 

protozoan incubation period within the mosquito is also temperature dependent and would 

have to be included for a complete entomological/process model of malaria transmission 

(Martens, et al., 1997; Paaijmans, et al., 2009). 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Malaria entomological model including some of the human dynamics.  Dashed lines 

are influence arrows. Solid lines indicate one category of population moving directly 

into another population category. Red lettering indicates a mosquito variable that is 

sensitive to temperature. Holding all socio-economic and human behavioural 

variables constant, the second level on the human side of the diagram would also be 

sensitive to temperature as a result of being a function of a temperature-sensitive 

mosquito variable. This would also make the third level on the human side indirectly 

affected by temperature. Adapted from (Lou and Zhao, 2010) 



2.2.4 THE ROLE OF NON-ENVIRONMENTAL VARIABLES 

As mentioned previously, socio-economic and human behavioural variables are important 

in the disease transmission cycle and are frequently not constant with time. Many of the 

papers evaluated in this literature search explicitly highlight the importance of these non-

environmental variables in the incidence of malaria around the world (Coleman, et al., 

2010; Craig, et al., 2004a; Gething, et al., 2010; Stratton, et al., 2008; Wandiga, et al., 

2010). The complexity of this relationship, and the regional/national variability regarding 

the extent to which socio-economic variables are capable of trumping the impact of 

environmental variables continues to fuel an active debate in the literature.  

 

This debate is exemplified by the discussions surrounding Lafferty’s 2009 suggestion that 

malaria and infectious disease risk zones will shift, rather than expand over the next century 

(Epstein, 2010; Lafferty, 2009, 2010; Ostfeld, 2009; Pascual and Bouma, 2009). These 

conflicting perspectives demonstrate the extent to which reconciliation is needed between, 

on the one hand, modelling depicting the extent to which climate change could, in theory, 

increase the geographic range and incidence of malaria through the aforementioned 

mechanisms, and on the other hand, discussions regarding the likelihood that climate 

change will actually drive increases in malaria given various historic and projected trends 

in human behaviour and socio-economic development. 

 

This debate is particularly relevant in the context of projecting malaria incidence in 

countries where substantial effort is being made through behavioural changes to decrease 

the incidence of malaria from what might otherwise be expected given the environmental 

suitability of a particular location to malaria transmission.  

 

2.3 DENGUE FEVER  

 

2.3.1 INTRODUCTION  

In the context of climate change, the study of dengue fever (DF), and its more deadly 

sibling dengue hemorrhagic fever (DHF),
3
 shares a number of strong similarities with the 

study of malaria.  As with malaria, DF is caused by the transmission of a pathogen (one of 

four types of flavivirus) to humans by mosquitoes (primarily Aedes aegypti and Aedes 

albopictus). Approximately two-thirds of the world’s population lives within the 

geographic range of these vectors, and there are 50-100 million cases annually, making DF 

a strong rival to malaria for the title of Earth’s most important vector-borne disease (Fuller, 

et al., 2009; Kovats, et al., 2003d).  Because mosquitoes transmit the flaviviruses, the 

entomological mechanisms on which climate change can act are extremely similar to those 

in the Anopheles entomological cycle (Amarakoon, et al., 2008; Martens, et al., 1997; 

McMichael, et al., 2004).  Accordingly, some studies used entomological models similar to 

those used for malaria, and have concluded that climate change will have a similar impact 

on the geographic range and transmission potential of DF as on malaria (Githeko, et al., 

2000; Jetten and Focks, 1997; Martens, et al., 1997).  

 

However, a significant difference between the malaria and DF is the extent to which the 

dengue vectors have become urbanized and indoor-dwelling.  The extent of this 

urbanization is so complete that Aedes mosquitoes tend to breed exclusively in manmade 

water storage containers, and its lifecycle may be almost completely shielded in certain 

places from the effects of climate change-induced temperature and precipitation changes 

(Fuller, et al., 2009; Githeko, et al., 2000; Jansen and Beebe, 2010; Martens, et al., 1997). 

Therefore, despite the overlapping entomological characteristics between Aedes and 

                                                 
3 DF itself is not normally deadly. However, DHF can be when people lack access to medical care. DHF tends to occur when an 

individual contracts one of the four DF viruses after having previously contracted a different DF virus, as previous contact with any of 

the DF virus types increases the risk of more extreme responses to subsequent infections (Medline, 2010; WHO, 2010). 



Anopheles mosquitoes, this urbanization points to an extremely important relationship 

between human-based, non-environmental variables and DF incidence, which should 

significantly affect DF modelling efforts. 

 

Numerous studies on DF in the Caribbean identify cyclical-like variations in disease 

incidence, and correlations with variables such as temperature, precipitation, sea surface 

temperature (a proxy for El Niño Southern Oscillation impacts), vegetation indices, and 

humidity (Amarakoon, A., et al., 2004; Amarakoon, et al., 2008; Ebi, et al., 2006; Fuller, et 

al., 2009; Johansson, et al., 2009a; Johansson, et al., 2009b; Jury, 2008). Despite their 

utility in local predictions of DF outbreaks, the relationship between these variables and DF 

incidence is not constant through time or space. This gives an indication as to the 

complexity of this disease transmission cycle. 

 

2.3.2 SYSTEMATIC LITERATURE SEARCH  

In order to identify potential dose-response relationships between DF and climate, a 

literature search similar to that conducted for malaria was undertaken for dengue. The same 

major WHO publications were considered, as were some of the references contained there-

in. Medline (OVID) and WOK searches for “Dengue” AND “Climate” revealed more than 

400 non-unique results, from which 33 English-language were selected for further 

investigation on the basis of abstract contents and title.  Of these 33 publications, a final 

selection was made consisting of 25 papers published no earlier than 2000. Two additional, 

Caribbean-specific sources were located through the research process and were also 

considered (see Appendix II).  

 

The approaches utilized by the papers found during the literature search are similar to those 

found in the malaria search, with publications detailing the following approaches: 

 

 

1) Entomological/process-based modelling  

(Amarakoon, et al., 2008; Barbazan, et al., 2010; Degallier, et al., 2010; 

Focks and Barrera, 2006; Hopp and Foley, 2001, 2003; Yang, et al., 2009a, 

2009b) 

2) Statistical or time series  

(Amarakoon, A., et al., 2004; Brunkard, et al., 2008; Halide and Ridd, 2008; 

Hu, et al., 2010; Hurtado-Díaz, et al., 2007; Johansson, et al., 2009a; 

Johansson, et al., 2009b; Jury, 2008; Lu, et al., 2009; Luz, et al., 2008; Wu, 

et al., 2007) 

3) Global scenarios  

(Hales, et al., 2002);  

4) GIS and/or RS –based analyses 

(Fuller, et al., 2009; Kolivras, 2010) 

5) Socio-economic analysis 

(Jansen and Beebe, 2010; Ooi and Gubler, 2009; Tseng, et al., 2009).  

 

This search effort revealed a similar debate to that found in the malaria literature. Some 

researchers focus on the role of socio-economic variables and argue that that DF 

transmission is climate insensitive (Sutherst, 2004), and the others continue to focus on the 

entomological sensitivity of the dengue vectors to climate (Yang, et al., 2009a, 2009b). 

Taken together, the body of literature consulted indicates that: 

 

 

 



1) The urbanization of Aedes vectors largely shields these vectors from the 

entomological effects of temperature 

2) That DF incidence is extremely sensitive to control measures 

3) DF is extremely sensitive to standing population immunity  

(Jansen and Beebe, 2010; Kuhn, et al., 2005) 

 

The content of this literature lends credence to the idea suggested by Ebi et al. (2006) that 

the location-specific socio-economic variables and behavioural/control practices will likely 

continue to trump the impact of climate change for this disease. This also strongly supports 

the idea that attentive control measures combined with public health awareness of DF could 

nullify, or at least markedly offset, the impact that climate change-induced temperature 

increases could have had in the absence of the urbanization of the vector.   

 

3. WATER & FOOD-BORNE DISEASE 

 

3.1 INTRODUCTION  

Water and food-borne diseases are those diseases transmitted to humans through physical 

contact with, inhalation of aerosolized particles from, or ingestion of contaminated sources 

of water and food. The pathogens that generate the diseases that fall into this category 

include viruses, bacteria, and parasites, and as is the case with vector-borne diseases, the 

most vulnerable groups are young children, the elderly, and anyone whose immune system 

is compromised (Ebi, et al., 2008). Examples of water and food-borne pathogens that are 

significant at a global level include species of rotavirus, the hepatitis A and E viruses, 

members of the norovirus family, species of bacteria within the Campylobacter, the 

Shigella, and the Salmonella genera, including Salmonella typhi, and protozoa found within 

both the Cryptosporidium and Giardia genera (Ebi, et al., 2008; Kovats, et al., 1999; Kuhn, 

et al., 2005).  This category also includes, but is not limited to, diseases caused by harmful 

algal blooms and the toxins they generate, diseases caused by aquatic bacteria in the Vibrio 

genus such as V. parahaemolyticus, V. vulnificus, and V. cholerae, and diseases caused by 

aquatic amoebae like Naegleria fowleri (Ebi, et al., 2008; Kovats, et al., 1999; Luber and 

Prudent, 2009).   

 

Although the specific reactions to changes in environmental conditions vary by pathogen, 

in general, the potential impacts of climate change on these can be summarized as follows: 

increasing temperatures can lead to expanded geographic and altered seasonal/temporal 

ranges of these pathogens, as well as decreased development and/or replication times and 

increased pathogen population growth (except in the case of viruses where temperatures 

higher than particular thresholds result in virus inactivation). In the absence of well-

defined, reliable sanitation practices and infrastructure, both precipitation increases and 

decreases can result in an increased loading of local water resources with pathogens. This 

excess of pathogens can then be passed on to humans through contact with or consumption 

of the contaminated water, or through the consumption of food that came into contact with 

the contaminated water. Importantly, precipitation and temperature changes affecting 

coastal environments can also drive changes in the coastal aquatic bacteria populations as a 

result of increased or decreased surface water salinity (Ebi, et al., 2008; Kovats, et al., 

1999; Kovats, et al., 2003e; McMichael, et al., 2004).  

 

The primary outcome of contact with the aforementioned environmentally sensitive 

pathogens is gastroenteritis/diarrheal disease, for which there are often reasonably 

informative data sets.  In addition to gastroenteritis, the following conditions demonstrate 

sensitivity to environmental change, and are often relevant in tropical developing countries: 

schistosomiasis, leptospirosis, and ciguatera poisoning.    

 



3.2 GASTROENTERITIS 

3.2.1 INTRODUCTION  

Gastroenteritis (GE) – the largely non life-threatening inflammation of the gastrointestinal 

tract – causes bouts diarrhea and is caused by a large number of viruses, bacteria, and 

parasites which are transmitted to humans via contact with contaminated food and water, as 

previously described.  Because of the strong sensitivity to environmental change of many 

of the causative agents of GE, researchers anticipate that the impact of climate change on 

GE will be highly significant (Ebi, et al., 2008; Kovats, et al., 2003e; McMichael, et al., 

2004). 

  

2.2.2 SYSTEMATIC LITERATURE SEARCH 

Despite the global importance of GE, and despite the sensitivity of many GE-causing 

pathogens to temperature and precipitation, the literature search performed for GE yielded 

far fewer relevant and appropriate results than did the literature searches focusing on 

malaria and DF. In addition to the GE-related parts of the major WHO publications 

included in the malaria and DF literature searches (Kovats, et al., 2003e; Kuhn, et al., 2005; 

McMichael, et al., 2004; WHO, 2003a), Medline (OVID) and WOK searches were 

performed for papers published after 2001 using the terms “Diarrh* AND climate,” 

“Gastroenteritis AND climate,” and “Gastroenteritis AND forecast.”  

 

These search terms were used, rather than more pathogen-specific terms, because the 

available baseline health data tended not to distinguish between most GE-causing 

pathogens. Thus, although this search, like the others, was not intended to be formally 

exhaustive, it was intended to reveal dose-response relationships connecting environmental 

variables to all-cause GE.  From the results yielded by this search, four studies were 

selected for further investigation along with the two studies cited in the WHO publications. 

All six studies are listed in Appendix III. 

 

The two papers discussed in the WHO documents are Checkley et al. (2000) and Singh et 

al. (2001), the former of which looked at the impacts of the 1997/1998 El Niño summer 

temperature increases and relative humidity changes on the number of hospital admissions 

for children under the age of 10 in Peru, and the later of which used data covering 1986 – 

1994 to investigate the simultaneous effects of precipitation and temperature on the average 

annual incidence of adult GE on 18 Pacific islands (Checkley, et al., 2000; Singh, et al., 

2001). The other four papers involved using the following: 

 

1) Temperature and cholera presence to predict adult hospital admissions due 

to diarrhea in Lima, Peru (Lama, et al., 2004) 

2) Forecasting methods to predict age-stratified diarrhea in Mali  

(Medina, et al., 2007) 

3) Temperature and relative humidity to predict all-age GE incidence in Japan 

(Onozuka, et al., 2010) 

4) Monthly rainfall and temperature to predict diarrhea incidence in children 

under age five at a global level (Lloyd, et al., 2007)   

 

These papers reveal that increasing temperatures, to varying degrees across age, space and 

time, tend to increase GE incidence (or hospitalizations). Precipitation (and humidity) also 

affect incidence, though the sign of this relationship is inconsistent across these studies. It 

is surprising that these studies did not place a lot of emphasis on socio-economic conditions 

like the state of sanitation infrastructure, and cultural patterns like hygiene practices that 

should, considering GE is primarily water and food-borne, influence incidence of GE 

across space and time.    



 

3.3 SCHISTOSOMIASIS 

 

3.3.1 INTRODUCTION 

Schistosomiasis is a disease caused by parasitic worms within the genus Schistosoma, three 

of which - S. mansoni, S. japonicum, and S. haematobium – cause the majority of cases 

globally. Transmission occurs when the free-swimming schistosomiasis larvae (called 

cercoria) penetrate the skin of humans, travel through the human circulatory system 

looking for a mate, and then utilize humans as host for reproductive purposes (Webber, 

2005; Yang, 2006).
4
  Globally, close to 800 million people live in areas where they are at 

risk from infection, and 76 countries consider schistosomiasis endemic, something that 

translates into a significant burden of disease (Yang, 2006).  While people can become 

infected at any age, outdoor workers are especially vulnerable. Also, it is common for 

children in endemic areas to acquire an infection which develops in terms of symptoms and 

intensity, if left untreated, until the children are approximately age 15 when the intensity of 

the disease begins to decrease (Webber, 2005).  Infection can cause an enlarged liver, an 

enlarged spleen, bloody urine, and fever (Webber, 2005; Zhou, et al., 2008). Although the 

life cycle is somewhat involved (see figure 3), as is the case with malaria, the sensitivity of 

schistosomiasis to climate change is a direct result of the sensitivity of the worm and 

intermediate (i.e. snail) host life cycles to environmental variables (Mangal, et al., 2008), 

which in turn makes the regions on the fringe of endemic areas some of the most vulnerable 

in terms of the effects of climate change on schistosomiasis (Sutherst, 2004).  

 

3.3.2 SYSTEMATIC LITERATURE SEARCH 

As was undertaken for the diseases considered previously, a literature search beyond the 

primary WHO sources already specified (as well as Martens et al. (1997), Sutherst (2004) 

and Martens et al. (1995a) which were identified previously) to try and identify the current 

state of knowledge regarding the modelling of climatic influences on schistosomiasis. 

Medline (OVID) and WOK searches for “Schistosomiasis AND Climate” and 

“Schistosomiasis AND Prediction” revealed more than 150 non-unique English language 

sources, five of which were selected for further investigation, as was a related PhD report 

(see Appendix IV).   

 

As was the case with the GE literature search, this yielded a surprisingly small pool of 

papers, and interestingly, all but one of these five papers focused on entomological 

modelling that attempted to capture the types of dynamics shown in figure 3 (Liang, et al., 

2005; Liang, et al., 2007; Mangal, et al., 2008; Martens, et al., 1995a; Martens, et al., 

1997). This stands in contrast to the literature for the diseases considered previously, which 

showed a reasonable balance between 1) the statistical and time series approaches that both 

explicitly and implicitly contain socio-economic and cultural variable, and 2) the 

mathematical models depicting entomological relationships.  While these papers indicate 

that, to a point, increasing temperature can increase infection rates and the per person worm 

burden (Mangal, et al., 2008; Martens, et al., 1997), there is a point beyond which 

increasing temperatures increases the mortality in various parts of the pathogen and host 

life cycles, which translates into decreased infection (Martens, et al., 1995a).  Liang et al. 

(2005) also point out that location-specific features of the life cycle are important enough to 

schistosomiasis dynamics, that it is difficult to transfer a model to a different site and 

calibrate it effectively.   

  

                                                 
4 Thus, although an earlier stage in the parasite life cycle requires species-specific snails as 

intermediate hosts (something that results in schistosomiasis being classified as a zoonotic disease), 
this project classifies the disease as water-borne. 



Figure 3:  The main steps in the Schistosoma life cycle, as recreated from (Martens, et 

al., 1995a), are 

shown below. The red arrows indicate phases that are directly impacted by 

temperature changes, while the dark blue arrows indicate the stages of 

influence for precipitation. The cercariae and miracidia are free-living, 

aquatic stages in the life cycle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4 LEPTOSPIROSIS 

3.4.1 INTRODUCTION 

Leptospirosis is caused by more than 200 serovars of the more than 16 species of bacteria 

in the genus Leptospira, which are common around the world (Levett, 2001). Transmission 

to humans occurs when contact occurs between the bacteria - which are released into the 

environment through the bodily fluids of various mammals, reptiles, and amphibians - and 

human mucus membranes, waterlogged skin, or broken skin.  

 

Once transmission occurs, the bacteria target the kidneys, liver, lungs, and cerebrospinal 

fluid of its host, and can generate an incredible range of symptoms mimicking other 

conditions including, but not limited to, influenza, malaria, typhoid fever, hepatitis, food 

poisoning, renal failure, DF/DHF, and chronic fatigue syndrome (Flannery, et al., 2001; 

Storck, et al., 2008; WHO, 2003b). Because the symptoms of infection are so variables and 

can last for years, because most cases are relatively mild and non-fatal, and because 

confirming leptospirosis requires a lab-based test, leptospirosis is extremely under-



diagnosed around the world (Levett, 2001).  Importantly, immunity is achieved only on a 

per-serovar basis, meaning the risk of infection is likely to remain high throughout life for 

those in the most vulnerable groups (i.e. children, outdoor laborers/farmers, sewer workers, 

veterinarians, food-prep workers, leisure participants, soldiers, and lab staff) (WHO, 

2003b).  

 

Transmission of leptospirosis to humans is sensitive to environmental change in two 

respects: 1) Land use patterns can make certain environments more conducive to 

populations of the mammals, and particularly the rodents, that carry the Leptospira 

bacteria. This can increase the prevalence of the bacteria in the environment. 2) 

Precipitation events wash the bodily fluids containing the bacteria into local bodies of 

water, thereby concentrating them and increasing the likelihood of human contact with 

them (Victoriano, et al., 2009).   

 

 

3.4.2 SYSTEMATIC LITERATURE SEARCH 

A literature search was performed in Medline (OVID) and WOK for “Leptospirosis AND 

Climate,” “Leptospirosis and Temperature,” and “Leptospirosis and Precipitation.”  The 

search results yielded comparatively few results, and while several papers were found 

discussing leptospirosis in general, only four papers were selected for further investigation 

for a dose-response relationship (see Appendix V). 

 

Of these papers, two graphically show clear coincidence between changes in precipitation 

and reported leptospirosis incidence through time (Slack, et al., 2006; Storck, et al., 2008).  

Their figures are included below for reference as figure 4 and 5. However, while both these 

papers indicate a lag time of about a month between the start of sustained rainfall and the 

onset of leptospirosis, neither included dose-response relationships between precipitation 

and incidence data. Similarly, while another paper identifies a background rate of 

leptospirosis in developing countries of 10-100/100,000 people, and derives statistical 

clusters of disease incidence with time, no dose-response relationship is presented 

(Tassinari, et al., 2008).  The final paper considered, however, did formalize a nonlinear 

relationship between severe leptospirosis incidence in Salvador, Brazil and the previous 

week’s total rainfall (Codeço, et al., 2008).  Their efforts treated leptospirosis incidence as 

a disease demonstrating threshold behaviour that is driven by precipitation. 

 

 

 

 

 

 

 

 

 

 

Figure 4:  This is a copy of figure 2 from Storck et al. (2008) showing overlapped time 

series of reported cases of leptospirosis and rainfall for the Caribbean Island 

of Guadeloupe. 
  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.5 CIGUATERA POISONING 

 

3.5.1 INTRODUCTION  

Ciguatera poisoning is a condition caused by the ingestion of either ciguatoxins or 

maitotoxins. These are some of the most toxic substances on Earth, and they enter the 

human food chain through the herbivorous reef fish that feed on the dinoflagellates that 

produce these toxins (Fleming, 2010; Kovats, et al., 1999). Ciguatoxins (the most important 

cause of ciguatera poisoning) are lipid-soluble and harmless to fish, and this results in them 

becoming increasingly concentrated in the fatty tissues of fish that feeding at higher trophic 

levels in the marine food chain. Furthermore, they are colorless, tasteless, odorless, heat-

stable, and acid-stable and therefore cannot be detected in fish or removed prior to 

consumption (Fleming, et al., 2006; Fleming, 2010; Jaykus, et al., 2008; Kipping, et al., 

2006; Ting and Brown, 2001).   

 

Ciguatera poisoning is important to consider in this project because the population 

dynamics of the ciguatoxin-producing dinoflagellate species are sensitive to changes in sea 

surface temperatures (SST) (Jaykus, et al., 2008) and because within several hours of 

consuming tainted fish, 73-100% of people will start to experience gastrointestinal 

symptoms, which are commonly followed by cardiovascular symptoms as well as 

debilitating neurologic symptoms.  In instances where these symptoms are non-fatal, the 

neurologic symptoms can continue for years after the initial exposure. Additionally, for six 

months following the initial poisoning certain foods such as fish, ethanol, caffeine, and nuts 

can re-trigger the initial symptoms of the poisoning. Due to the fact that these symptoms 

overlap significantly with other algae-produced toxins, diagnosis can be difficult. 

Consequently, while highly significant, ciguatera poisoning is significantly under-reported 

not only in endemic areas, but also on a global level (Fleming, et al., 2006; Fleming, 2010; 

Jaykus, et al., 2008; Tester, et al., 2010).  

 

Ciguatera poisoning often occurs year round in places like the Caribbean, and the link 

between SST-driven ciguatoxin production and incidence of ciguatera is extremely 

complex. In addition to the common genera of dinoflagellate responsible for the production 

of ciguatoxins – Gambierdiscus – the following dinoflagellate populations also produce 

ciguatoxins: Coolia monotis, Prorocentrum belizeanum, Prorocentrum lima, Prorocentrum  

Figure 5:  This is a copy of figure 3 from Slack et al. (2006) showing overlapped average 

rainfall and average leptospirosis incidence by month for Innisfail health district in 

the state of Queensland, Australia. The data used spanned 1998 – 2004. 



mexicanum, Prorocentrum  hoffmannianum, Ostreopsis lenticularis, and Ostreopsis 

siamensis. Consequently, it is also common for individual fish to carry multiple ciguatoxins 

(Faust, 2009; Tester, et al., 2010; Tosteson, 2004). 

 

3.5.2 SYSTEMATIC LITERATURE SEARCH  

The literature search was performed in Medline (OVID) and WOK for: “Ciguatera AND 

Climate,” “Ciguatera AND Sea Surface Temperature,” and “Ciguatera AND Caribbean.” 

Of the 135 results, 15 were selected for further inspection and of those only 5 were 

included in the final round of paper selection. An additional in-press article discussing the 

state of ciguatera poisoning in the Caribbean was located through a Google search for 

ciguatera incidence data (Tester, et al., 2010). These 6 papers are listed in Appendix VI. 

 

Three of these articles discussed ciguatera in the Caribbean directly. Even though they did 

not yield dose-response relationships, they did provide important information on the 

Caribbean-specific pattern of ciguatera poisoning that demonstrates that while ciguatera 

poisoning incidence is likely going to be sensitive to climate change-induced changes in 

SST, it will also be incredibly difficult to predict.  

 

Only one paper attempted to model ciguatera poisoning incidence, and did so using data 

from French Polynesia (Chateau-Degat, et al., 2005). Their two-step model formally 

connected SST and dinoflagellate density (with a lag of 17 months), and dinoflagellate 

density and disease incidence (with a lag of 3 months).  The results of their model 

demonstrate there is potential with regards to modeling and predicting ciguatera poisoning 

in response to changes in SST (see figures 6 and 7) However, this model fails to capture the 

peaks in both dinoflagellate density and ciguatera incidence. This indicates either that SST 

is not the only explanatory variable worth considering, or that problems of under-diagnosis 

limit predictive power of the model (or, more likely, that some combination of both these 

limitations is present in their data). This significantly limits the utility of their model in its 

current form.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6:  This is a copy of figure 2 from Chateau-Degat et al. (2005) showing an actual time 

series of dinoflagellate densities, and a modelled time series of dinoflagellate 

densities. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. MENINGOCOCCAL MENINGITIS 

 

4.1 INTRODUCTION  

 

Predominantly caused by six of the thirteen serogroups of the air-borne bacteria Neisseria 

meningitidis (A, B, C, W135, X, Y), meningococcal meningitis (MM) is a seriously 

debilitating disease. As many as 17% of patients who do receive treatment still die from 

MM. Furthermore, as many as 20% of MM survivors are left with permanent impairment 

or disability as a result of having contracted MM (Boyne, 2001; Kuhn, et al., 2005; 

Palmgren, 2009). Considering that the most vulnerable groups are children and young 

persons, outbreaks of MM have the potential for significant long-term economic and social 

consequences (Roberts, 2008). 

  

One important theory of MM transmission focuses on the damage caused to the mucus 

membranes of the upper respiratory by the air-borne dust that abounds in the African 

meningitis belt during the driest months of the year (Roberts, 2008; Yaka, et al., 2008). 

This theory may have relevance in the tropical developing countries west of Africa, such as 

those in the Caribbean. Not only does the region have a distinctly dry season, but it also 

receives significant quantities of the same dust implicated in the initiation of African MM 

epidemics. This dust adds to respiratory stress caused by localized pollution and volcanic 

activity and may therefore have a role to play in MM transmission (Prospero and Lamb, 

2003). 

 

4.2 SYSTEMATIC LITERATURE SEARCH 

 

Medline (OVID) and WOK searches for “Meningitis and Climate,” “Meningococcal AND 

Climate,” “Neisseria meningitidis AND climate,” “N. meningitidis AND Climate” yielded 

51 English-language articles on WOK, from which eleven were short-listed for further 

Figure 7: This is a copy of figure 3 from Chateau-Degat et al. (2005) showing actual and 

predicted cases of ciguatera poisoning. This also fails to capture the extreme 

values of incidence. 
  



investigation, and more than 400 results on Medline, from which 15 were short-listed.  Of 

these 26, a final ten were selected for further investigation (Appendix VII). 

 

This search revealed that a wide variety of environmental variables have been connected, 

with various lag times, to MM incidence including dust, wind speed, absolute humidity, 

land cover, precipitation, cold cloud duration, and soil type (Molesworth, et al., 2003; 

Palmgren, 2009; Thomson, et al., 2006b; Yaka, et al., 2008).  None of the studies presented 

transferable dose-response relationships, however, and several present evidence not only 

that MM epidemiology varies globally in relation to environmental variables, but also that 

definitive causal links between the environment and MM epidemics have not yet been 

identified (Harrison, et al., 2009; Palmgren, 2009; Roberts, 2008). Part of the reason for 

this is the fact that the effects of carriers and vaccination in N. meningitidis transmission 

remains unclear, and has never been successfully modelled to date (Palmgren, 2009; 

Roberts, 2008; Thomson, et al., 2006b).  

 

5. CARDIO-RESPIRATORY DISEASE 

 

5.1 INTRODUCTION  

 

There is strong evidence suggesting that climate change will impact on the disease burden 

associated with cardiovascular and respiratory conditions (for lists, see table 1) because of 

the sensitivity of human cardiovascular and respiratory systems to temperature change. 

Increases in temperature increase blood viscosity. In turn, this can trigger heart attacks, 

strokes, and other vascular events. Temperature changes can also increase ones heart rate, 

cause constriction of the bronchial tubes, and exacerbate both concurrent acute and chronic 

respiratory conditions (Campbell-Lendrum, et al., 2003; Ebi, et al., 2008; McMichael, et 

al., 2004). Adults who suffer from pre-existing cardiovascular and respiratory diseases, the 

elderly, children, outdoor labourers, and the mentally ill are most vulnerable to this 

category of impact. Additionally, individuals who lack access to air conditioning are more 

at risk, as are those individuals who reside in cities and are exposed to the ‘urban heat 

island effect,’ as both these factors exacerbate the effects of temperature increases (Ebi, et 

al., 2008; Hales, et al., 2003; Luber and Prudent, 2009).  

 

Although much research has been done to define dose-response relationships for mortality 

and temperature, much of this research has been done in temperate climates where the 

relationship between temperature and mortality is J-shaped or U-shaped (Ebi, et al., 2008). 

However, there has been some evidence that tropical climates exhibit different (i.e. non-U-

shaped) relationships between temperature and mortality (Kovats, et al., 2003b).  

 

The importance of this potential health impact is largely a consequence of the fact that 

cardiovascular diseases are currently the global leading cause of death (Chiu, et al., 2010).  

Most regions currently suffering a significant burden from cardiovascular and respiratory 

diseases started to experience increased incidence of these diseases following an 

epidemiological transition. This transition involves an increased availability of calories 

paired with both decreased vector-borne and water and food-borne illness compared to 

historic levels, and a significant increase in the consumption of  sugary, salty and fatty 

foods intake (Albert, et al., 2007; Cunningham-Myrie, et al., 2008). 

 

 

 

 

 



Table 1:   Cardiovascular and Respiratory Diseases as defined in the 

International Classification of   Diseases and Related Health 

Problems, 10
th

 Revision (2007). Available From (WHO, 2007) 

 

 

5.2 SYSTEMATIC LITERATURE SEARCH 

 

WOK searches
5
 for “Temperature Morbidity AND Climate,” “Heat-related Morbidity AND 

Climate,” “Heat-Related Mortality AND Climate,” “Cardiovascular Mortality AND 

Climate,” “Cardiovascular Morbidity AND Climate,” “Respiratory Morbidity AND 

Climate,” and “Respiratory Mortality AND Climate” collectively returned more than 500 

non-unique English language results, from which 52 were selected for further investigation. 

From these, a final 38 articles, including a few review papers, were consulted for dose-

response relationships (see Appendix VII). It is important to note that in the selection of 

these 38 papers, many papers which focused solely on temperate areas were excluded as an 

a prioi decision had been made to try and find a dose-response relationship relevant to a 

tropical location. Thus, this literature search is not formally exhaustive of all dose-response 

relationships connecting mortality to temperature.  

 

Detailed summaries and critical reviews of many of the articles selected (as well as some of 

the studies excluded) can be found elsewhere (Basu and Samet, 2002; Gosling, et al., 2009; 

Hajat and Kosatky, 2009; Kovats and Hajat, 2007). Although a full critical review of this 

                                                 
5 The WOK searches were performed first and as so many relevant results were returned, and as the literature search was not intended to 

be formally exhaustive, the searches were not duplicated on Medline (OVID) in this case.  

Cardiovascular Diseases Respiratory Diseases 

ICD 

Code 
Name 

ICD 

Code 
Name 

I00-I02 Acute Rheumatic Fever J00-J06 
Acute Upper Respiratory 

Infections 

I05-I09 
Chronic Rheumatic Heard 

Diseases 
J09-J18 Influenza and Pneumonia 

I10-I15 Hypertensive Diseases J20-J22 
Other Acute Lower 

Respiratory Infections 

I20-I25 Ischaemic Heart Diseases J30-J39 
Other Diseases of the Upper 

Respiratory Tract 

I26-I28 
Pulmonary Heart Diseases of 

Pulmonary Circulation 
J40-J47 

Chronic Lower Respiratory 

Diseases 

I30-I52 Other forms of Heart Disease J60-J70 
Lung Diseases Due to 

External Agents 

I60-I69 Cerebrovascular Diseases J80-J84 

Other Respiratory Diseases 

Principally Affecting the 

Intersitium 

I70-I79 
Diseases of Arteries, 

Arterioles, and Capillaries 
J85-J86 

Suppurative and Necrotic 

Conditions of the Lower 

Respiratory Tract 

I80-I89 

Diseases of Veins, 

Lymphatic Vessels and 

Lymph Notes, not Elsewhere 

Classified 

J90-J94 Other Diseases of Pleura 

I95-I99 

Other and Unspecified 

Disorders of the Circulatory 

System 

J95-J99 
Other Diseases of the 

Respiratory System 



literature and its ramifications is beyond the scope of this paper, it is important to highlight 

some key aspects of the literature. The first feature worth mentioning is that the dose-

response functions captured by this literature search varied significantly from a 1% change 

in mortality per 1°C increase to more than a 50% change per 1°C increase, depending on 

the location, the conditions considered, the particular details of the study design, and the 

data utilized (Díaz, et al., 2002; Hales, et al., 2000). This demonstrates the importance of 

trying to find as close a match as is possible when transferring, rather than deriving, a dose-

response relationship between temperature and mortality.  

 

Another feature worth mentioning is that in the vast majority of these studies, there was no 

breakdown by specific diseases, and mortality data was either analyzed without regard to 

cause of death, or was broken down into broad categories such as cardiovascular, 

respiratory, or cardio-respiratory.  The primary reason given for this is the general paucity 

of disease-specific mortality data.  Although one can only work with the data that is 

available, this does somewhat run the risk of double counting the impacts of climate change 

on other temperature-sensitive conditions in places where mortality from the conditions is 

significant.  It is also important to mention that while most of these studies utilized time 

series analysis to generate the dose-response relationships, they did not all do so in the 

same way. Some, for instance, looked summer-temperature morality relationships instead 

of, or separately from, all-year relationships (Chung, et al., 2009; Vaneckova, et al., 2008; 

Zanobetti and Schwartz, 2008).  Some attempted to analyze the relationship between short-

term heat waves and mortality, rather than, or in addition to, longer-term trends (Díaz, et 

al., 2002; Hajat, et al., 2006; Medina-Ramón and Schwartz, 2007; Rey, et al., 2007; Saez, et 

al., 1995).  

 

Still other studies at least partially stratified their results by age (Bell, et al., 2008; Davis, et 

al., 2004; Díaz, et al., 2002; Hales, et al., 2000; Medina, et al., 2007; Saez, et al., 1995; 

Sheridan, et al., 2009; Vaneckova, et al., 2008). There were also some research that 

explicitly included particulate-matter air pollution (PM) and ozone as either explanatory 

variables or covariates in at least one of dose-response relationships generated (Hales, et 

al., 2000; McMichael, et al., 2008; Vaneckova, et al., 2008). While there is evidence that 

PM and ground-level ozone increase mortality both independently from, and synergistically 

with temperature (Daniels, et al., 2000; Ebi, et al., 2008; HEI International Scientific 

Versight Committee, 2004; Kovats, et al., 2003a; UNDP/World Bank Energy Sector 

Management Assistance Programme, 2004), this effect varies by location, as does its 

synergism with temperature (Ebi, et al., 2008; UNDP/World Bank Energy Sector 

Management Assistance Programme, 2004). Finally, it is important to mention that most of 

the relationships revealed in this literature search focused on large cities. Given that the 

urban heat island effect can be significant, these relationships are essentially non-

transferable to more rural locations.  

 

6. SYNTHESIS & CONCLUSION 

 

It is clear from this review that there are a wide variety of promising approaches currently 

being pursued around the world to try and unravel the causal mechanisms that link climate 

change to human health. However, it is also clear from this review that there are many 

unresolved methodological debates within the literature and that there is some conflict 

between approaches that try and derive long-term dose-response for health impact 

projections and those that are best suited for near term disease monitoring to facilitate rapid 

health sector or governmental response. Each will have a role to play in the future of 

disease and health management, but they serve different purposes and there is a risk that 

too great a focus on one may come at the cost of undermining the continued development 

of the other. Finally, for many of these diseases there has been insufficient integration of 



the environmental drivers of disease with the non-environmental drivers of disease. This is 

an area critically in need of additional future, and warrants significant attention in the 

future. After all, the non-environmental variables are the ones that humans will have the 

best opportunity to be able to target and control with adaptation efforts over the next 100 

years, not the environmental-variables.  
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