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Introduction
Global climate change as a result of human activity is now

Transmission mechanisms for
infectious diseases with implications for
potential climate change effects

accepted as a reality by most people, including an ever-increasing majority of the world’s political leaders. Potential impacts

1. Background

on human society and life are diverse, and include effects on

McMichael and Woodruff (1) define transmission mechanisms

industry, farming, transport, and tourism, as well as health.

for infectious diseases as falling into four categories, direct or

While social disruption and other effects, including extreme

indirect transmission of anthroponoses and zoonoses. They

weather events and human migration, may ultimately have

review a number of direct and more complex impacts of climate

greater impact on health, infectious disease outcomes are also

change on host, pathogen and vector. This framework, rather

likely to be significant. The transmission of many infectious

than the more traditional host, agent and environment catego-

diseases is sensitive to climatic conditions, especially tem-

rization, is useful in considering effects of climate on infectious

perature and rainfall. However, there is considerable uncer-

disease transmission, and will be adopted here, with the

tainty and debate about the scale and timing of changes in

addition of brief discussion of the effects on human behaviour

infectious disease patterns to be expected. There is also very

and physiology as they relate to infectious disease risk.

limited evidence of recent changes in infectious diseases that

1) Host

can be attributed, with reasonable confidence, to climate

Many examples of climate effects on non‐human hosts for

change at this early stage of the process.

infectious diseases could be cited. These include, for Ross River

In order to determine priorities for research and response,

virus, the relation between rainfall and reproduction in kangaroos

a coherent framework for understanding the relation between

(1, 2). Oncomelania hupensis, an important host for Schistosoma

climate and infectious diseases is needed. Other priorities

japonicum in China (3) is sensitive to temperature, in that this

include the determination of appropriate measures of climate

is an important determinant for proportion of snails hibernating

change effects and appropriate responses to these, and methods

(4). An outbreak of the Hantavirus Puumula virus in Sweden

for attributing causality.

occurred in 2007. While the population of the host, Myodes

The scope of this paper is: to discuss transmission mecha-

glareolus, the bank vole were high, they were not unusually

nisms for infectious diseases as context for understanding likely

so, and it is considered that a cause for the outbreak may have

climate impacts; focusing primarily on vector‐borne diseases, to

been reduced snow cover (which provides cover and food

discuss debate regarding assessment of climate impacts on these

beneath it) leading the voles to seek cover in barns, consequently

diseases; and finally to discuss future priorities and directions

increasing contact with humans (5).

for research on climate change and infectious diseases.

2) Pathogen
The concept of extrinsic incubation period is well understood
for arboviruses, and is the period between ingestion of a blood
meal to the presence of virus in the insect's salivary glands; it
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is known to be influenced by temperature (6). The possibility

change (18) and this potentially could alter patterns of infectious

that different transmission mechanisms for influenza predo-

disease indirectly. The movement of immunologically naïve

minate at different temperatures is raised by experimental work

populations to areas of increased arbovirus risk is an obvious

suggesting aerosol transmission is blocked at high temperature

issue arising from this (19). Television and air‐conditioning

(30℃), but that contact transmission is not (7). Temperature

lower risk for American arbovirus diseases (20). Given the

also influences development of Schistosoma japonicum in

importance of nutrition to immune function another indirect

Oncomelania hupensis, an important snail host (4). High tem-

consequence, if climate change influences nutrient availability

peratures and precipitation and consequent low swimming pool

as it certainly will, is that some populations will be at increased

chlorine levels may have led to an outbreak of pharyngocon-

risk for infectious diseases (21). It has been speculated that

junctival fever associated with Adenovirus in North Queensland

drought conditions, by necessitating increased domestic water

in 2000 (8). Temperature is an important determinant for

storage, may have facilitated mosquito breeding and human

prevalence of colonization of chickens with Campylobacter in

contact with the vector (Aedes aegypti or albopictus), preci-

Iceland (9). In cooler areas of the globe the lack of malaria

pitating a 2004 epidemic of Chikungunya in Lamu, Kenya (22).

transmission relates to the inability of Plasmodium to develop

Here, climatic conditions may have precipitated a change in

at lower temperatures, rather than temperature effects on the

behaviour and a consequent alteration in vector abundance,

mosquito vector (1).

rather than directly affecting the latter.

Some pathogens are known to survive better at low than
high temperatures, Rotavirus and respiratory syncitial virus

2. Implications

being examples (1). Cryptosporidium oocysts maintained at 4

The clear implication of the above is that climate change

and 15℃ maintain infectivity, but at 20 and 25℃ are completely

could influence the occurrence of infectious diseases. More

inactivated after 12 and 8 weeks, respectively (10).

difficult to determine, though, is whether climate change has

3) Vector

and how much it will in future, influence the occurrence of

Temperature is known to influence mosquito populations.

infectious diseases, the topic for the next section.

Culex annulirostris, an important vector for Ross River virus (11)
is known to be sensitive to changes in temperature in the larval
stage, with 100% larval mortality at 10 and 40℃, and with time

Assessing the impact of climate change on
infectious diseases

for larval development ranging from 8.57 to 37 days, at 35 and
15℃, respectively (12). The distribution of Anopheles farauti,

1. Vector‐borne diseases

a malaria vector in Australia, is limited particularly by tem-

Rogers and Randolph (23) discuss the theoretical basis for

perature and humidity (13). The African malaria vector Ano-

assessing putative associations between climate change and

pheles gambiae develops from larval to adult stages at tem-

vector‐borne diseases. The basic reproductive number (R0) de-

peratures between 16 and 34℃, but with high larval mortality

termines whether disease cases increase or decrease in a po-

towards the upper limit of this range (14).

pulation. In the case of vector‐borne diseases R0 is determined

Ixodes ricinis, a vector for Borrelia burgdorferi, the causative

by: the ratio of vectors to vertebrate hosts; transmission

agent for Lyme disease, was found at higher densities in 2003‐

coefficients between vectors and vertebrates, and vertebrates

2005 than 1999‐2001 at higher altitudes in Neuchatel, Sweden,

and vectors; biting rate of vectors on the host of interest;

and this was thought possibly due to higher temperatures (15).

mortality rate of vectors; extrinsic incubation period for the

Other studies have also suggested climatic variables have or will

infection in the vector; and the rate of recovery from infection

affect the distribution or ability of this tick to transmit Borrelia

for the vertebrate host. Because arthropods are sensitive to

burgdorferi (16, 17).

temperature and other climatic variables, and because all except

4) Human behaviour and physiology

one (rate of recovery from infection for the vertebrate host) of

Extensive treatment of this topic is beyond the scope of this

the parameters that determine R0 for vector‐borne diseases are

paper. Human migration is one possible consequence of climate

related to vector ecology, biology, or physiology, one would
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expect changes in climate to influence the incidence of vector‐

his co‐workers ignored the influence of climate variability (as

borne diseases.

opposed to merely changes in the mean for climatic variables)

They also point out, however, that the direction of change

on malaria. Hay and his colleagues have responded to these

is difficult to predict, and urge caution in correlating climate and

criticisms (28). Pascual et al. (29), using the same climate input

disease data (the "mindless correlation of one dataset with

data, drew the opposite conclusion to Hay et al. (26), con-

another that is all too prevalent in the climate change literature")

cluding that the biological significance of observed temperature

without careful thought, particularly because of the incon-

changes would be amplified in mosquito population changes,

sistency in both types of data through time and space (because

and that climate cannot be ruled out, along with other factors

of the increasing numbers of weather stations worldwide

including Plasmodium falciparum drug resistance and land use

through time, concentration of stations around cities, secular

changes, as a driver of malaria incidence.

trends of increasing disease incidence due to improved

Tanser et al. (30), using a modeling approach, predicted an

diagnostic technologies, and so on). Rogers and Randolph

altitudinal, but little latitudinal, increase in malaria transmission

suggest "climate change should have occurred at the right time,

in Africa to 2100, and also a prolongation of the transmission

in the right place and in the 'right' direction (according to our

season in some areas, though there is skepticism and robust

current understanding of climate/disease linkages)" if it is to be

debate on this issue (e.g. Reiter et al., 2004 (31)). Rogers and

considered the probable cause for a change in vector‐borne

Randolph note the increase in malaria in Africa, but attribute

disease cases. While not diametrically opposed, an alternative

this to changes in land use and land cover, and most im-

view is that the precautionary principle (see, for example

portantly in their view, to Plasmodium drug resistance, rather

McMichael, 2001 (24)) should be applied when assessing all

than climate change (23).

effects of climate change, and that recent increases in vector‐
borne disease frequency should be assumed to be due to

Clearly, at this point in time, the evidence on malaria is
inconclusive. Debate is likely to continue.

climate change.
1) Malaria

2. Tick‐borne encephalitis virus

Hay et al. analysed global malaria data for 1900 to 2002 (25).

Rogers and Randolph (23) describe varying patterns of

These data demonstrated a decrease in the geographical area

disease increase for Tick‐borne encephalitis (TBE), a Flavivirus,

supporting malaria, but a substantial increase in the number

in Europe. In Sweden, a "3‐fold step increase" was observed

among the world's population at risk for malaria.

Further,

from 1983 to 1986 (from their Figure the number of cases per

projections for population increase to 2010 indicated a further

year before this increase was always less than 50, but afterward

400 million births in the geographical area supporting malaria

was generally over 50, with approximately 100 cases in 1994)

transmission at the time of the analysis.

with fairly stable case numbers until 2000, and approximately

Writing in 2002, Hay et al. analysed data from the East

100 cases per year, on average, through the years 2000 to 2004.

African Highlands, including climatic variables (temperature,

In Slovenia, Croatia and Hungary, cases of TBE changed little

rainfall and vapour pressure) and number of months suitable

from the mid‐1970s, until there was a 60-70% decrease in

for malaria transmission (26). They concluded that in the period

Croatia and Hungary from 1997. In Eastern Europe there was

1911 to 1995 there was no significant change in vapour pressure

a dramatic increase in 1992 or 1993, "the Czech Republic and

or temperature at their study sites, and a temporal increase in

Slovakia suffered 2‐fold increases, Estonia a 5‐fold increase, and

rainfall at only one of four sites. They also found no change

Poland, Lithuania and Latvia increases of an order of magnitude

in number of months suitable for malaria transmission, and

each." Since 1999 in Latvia, the increase has been largely

concluded that an observed increase in malaria transmission is

reversed, possibly due to vaccination. As well, the increase in

most parsimoniously explained by factors other than climate

TBE incidence increase varied markedly in different regions

change (26). However, this conclusion has been criticized by

within each of these countries. Rogers and Randolph conclude

Patz et al. (27) on the basis of the distribution of meteorological

that while climate change may have played a role in the TBE

stations used to collect climate data and also because Hay and
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increase, no factors have been identified that explains both

relation of specific environmental factors and disease differs by

spatial variation and temporal discontinuities in the incidence

geographical area (46-51). Findings by Tong et al. also suggest

of the disease. They also point to increased abundance of tick

expanding range in Queensland, with an increase in the

hosts, deer particularly, and sociological changes since the col-

number of jurisdictions in which the disease has been notified

lapse of communism as possible contributors. While undoub-

through time (52). Human behaviours are known to affect risk

tedly these factors have played a role, evidence from another

for RRV disease (53). This and the complexity of RRV ecology

author (Eisen 2007) presents data suggesting that Ixodes ricinis,

and epidemiology will make it a challenge to determine to what

a vector of TBE, increased its range to the North and its

extent climate change is the cause of changes in disease fre-

abundance in central Sweden from the early 1980s to the early

quency. Disease frequency may also change differentially in

1990s (32).

different geographical areas because of this (54).

1) Dengue
Dengue is transmitted by Aedes aegypti and albopictus (33).

2. Other infectious diseases

There seems no doubt that the range for dengue epidemics is

1) Diarrhoeal diseases

expanding, with epidemics in Tahiti and Singapore (33) and

Some evidence exists on the effects of temperature on

increasing numbers of epidemics in North Queensland, Australia

diarrhoeal diseases. For example, Checkley et al. found that a

(34). Halstead does not accept the suggestion that climate

1℃ increase in temperature led to an 8% increase in hospi-

change will increase the incursion of dengue into temperate

talization for paediatric diarrhoeal disease in Lima, Peru (55).

regions (35), but Hales et al. writing in 2002 on the basis of

Matsuda et al. also found that climatic variables predicted

modeling using vapour pressure is a predictor variable for

Cholera cases in Bangladesh, particularly maximum temperature

dengue, concluded that "geographical limits of dengue fever

(56). Singh et al. (57) found effects positive associations

transmission are strongly determined by climate" and that

between increased temperature and rainfall, and adult diarrho-

climate change will substantially increase the proportion of the

eal disease incidence, on Pacific Islands.

global population at risk from dengue (36).

Rotavirus infections are generally more common in cool than

2) Chikungunya

hot conditions (1). On a short time scale, an Australian study

Initially described in Tanzania in 1952 (37) Chikungunya, an

has shown a reduction in hospitalisations of children under five

Alphavirus transmitted in epidemics by Aedes aegypti and

for Rotavirus diarrhoea following warmer weather in three

albopictus, has subsequently caused periodic outbreaks in Asia

Australian cities (Brisbane, Canberra, and Melbourne) (58), al-

and the Pacific (38) but in 2005 and 2006 came to prominence

though interestingly the reverse (warmer weather associated

when it caused an epidemic, probably involving about 250,000

with increased incidence) was found in Dhaka, Bangladesh

infections, on the Indian Ocean Island or Reunion (39). The

above a threshold of 29℃ (59). But these authors also found,

epidemic also involved other Indian Ocean Islands including

in their crude analysis, increased incidence with decreasing

Mayotte (40). There have also been a large number of infections

temperature in the lower temperature range, producing a U‐

(1.39 million reported in 2006) in India (41) and a small out-

shaped relationship, the relation at lower temperatures disap-

break in Italy (42, 43). While it is admitted other factors may

pearing after adjustment for humidity, seasonal patterns,

have played a role, there has been speculation for a causal role

between-year variations, river level, and public holidays (59).

for climate change in the Italian outbreak (44). Townson and

In Massachusetts relations were determined between tem-

Nathon point to the importance of the spread of Ae. albopictus

perature and cases of Giardia, Salmonella, Campylobacter,

for the increased range of Chikungunya, without discussing any

Shigella, Hepatitis A and Cryptosporidium (60). Daily incidence

potential relation to climate (45).

for Campylobacter and Salmonella peaked 2-14 days after the

3) Ross River virus

peak in ambient temperature, and the others, aside from

Ross River virus is a mosquito‐borne Alphavirus (11). There

Hepatitis A, peaked after longer delays of approximately 40

is a substantial literature on the relation between climatic

days (60). D'Souza et al. found that monthly Salmonella

variables and Ross River virus disease frequency, though the

Global Climate Change and Infectious Diseases Vol.40, Suppl.2, 2008

S 139

notifications in five Australian cities were positively associated

and climate change. Methodological challenges include the

with mean monthly temperature in the previous month (61).

perhaps competing needs of scientific rigour on the one hand,
and pragmatism on the other; in relation to the former there

2) Respiratory infections

is considerable difficulty involved in disentangling the effects of

There are clear seasonal patterns in transmission of influenza

complex epidemiology and ecology from those of climate

in temperate and cold climates, but not the tropics (62). The

change, and in the case of the latter there may be a need for

possibility that transmission mechanism may be effected by

a "paradigm shift" relating to the need, perhaps, to accept a

temperature has already been alluded to above as a possible

lesser weight of proof given the now accepted importance of

mechanism for this observation (7). Research in France has

climate change to human health.

demonstrated lower influenza infection and mortality rates with

There is a need to standardise the methodology used for

warmer weather (63). The possibility exists that numbers of

geographic mapping of vector‐borne diseases. Taking RRV as

deaths in the elderly, and morbidity amongst younger people

an example, the work by Gatton et al. on outbreaks uses a

as a result of influenza may decrease in cold and temperate

specific definition for such outbreaks ("the number of notifi-

latitudes with global warming, but whether this occurs will

cations received within a LGA in each season was compared

depend on other host and environmental factors, including

with that expected based on a measure of the long‐term

physiological adaptation of the host, improvements in vaccine

incidence rate for the LGA and the corresponding population.

efficacy, and others.

Outbreaks were declared if there was a <1% chance of obtaining

3) Schistosomiasis

et al. used localities (suburbs or townships) as their unit of

the observed number based on a Poisson model") (46). Tong

Schistosoma japonicum in China is a zoonotic disease, with

study (52). The comparison is perhaps unfair, given the differ-

cattle and buffalo as reservoir hosts (3). Projections for schisto-

ent research questions addressed by these researchers. But

somiasis in China predict expansion to the North with an addi-

there is a need, if we are to understand and quantify the impact

2

tional 783,883 km at risk for the disease by 2050 on the basis

of climate change on vector‐borne diseases, for agreed upon,

of projected climate changes (4).

standardised measures of disease frequency accessed from a
uniform (and well understood) dataset. The same is also true

3. Current state of knowledge on climate and infectious
disease relations

for vectors – uniform National and International measures of

vector species and densities using predetermined trapping

There is good evidence from basic laboratory science and

localities and methods are needed if the relation of climate to

epidemiology that temperature and other climatic variables in-

vector abundance, and thence to disease frequency, is truly

fluence both infectious disease incidence and potential de-

going to be measured, understood, and responded to.

terminants for incidence, including vertebrate hosts of zoonoses,

There is a need for ongoing fundamental research on the

and mosquito and other arthropod vectors, among others. The

climatic determinants of vector distribution and abundance, and

emergence of new diseases has created much interest in recent

on the relation between extrinsic incubation period and patho-

years, with zoonoses prominent among these (64). Less clear

gen transmissibility, and climatic variables.

is whether climate change has yet significantly influenced in-

The information developed from fundamental research on

fectious disease incidence, and what the likely impacts are in

climatic effects on vectors and disease transmission will feed

future.

into the development and testing of mathematical models for
vector‐borne diseases. Such models should allow more accurate

Future priorities and directions for research on
climate change and infectious diseases
There is a need to strengthen methodologies and research
effort directed at elucidating the relation of infectious diseases
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prediction of likely secular trends in disease frequency and
forecasting of outbreaks in specific geographical areas on the
basis of recorded climate parameters.
A related issue is the need to determine who, precisely, is
most impacted by the effects of climate change on vector‐borne

diseases. Malaria is by far the most important vector‐borne
disease globally, and as Hales and Woodward (65) point out,
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