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detected worldwide, the degree and types of the effect are different,
depending on the location of the respective countries and socioeconomical
situations.

Among infectious diseases, water- and foodborne infectious diseases and vector-
borne infectious diseases are two main categories that are forecasted to be most
affected. The effect on vector-borne infectious diseases such as malaria and
dengue fever is mainly because of the expansion of the infested areas of vector
mosquitoes and increase in the number and feeding activity of infected
mosquitoes. There will be increase in the number of cases with water- and
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Abstract
Global warming has various effects on human health. The main indirect effects
are on infectious diseases. Although the effects on infectious diseases will be

foodborne diarrhoeal diseases.

Even with the strongest mitigation procedures, global warming cannot be avoi-
ded for decades. Therefore, implementation of adaptation measures to the
effect of global warming is the most practical action we can take. It is generally
accepted that the impacts of global warming on infectious diseases have not
been apparent at this point yet in East Asia. However, these impacts will appear
in one form or another if global warming continues to progress in future. Further
research on the impacts of global warming on infectious diseases and on future
prospects should be conducted.
1. Introduction

Global warming is an unequivocal phenomenon today.

Global warming is one of the components of climate

change, and it induces considerable impacts on human

health. The emerging evidence of the effect of global
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warming on human health has been summarized in the

fourth report of Intergovernmental Panel on Climate

Change (IPCC).1 The effect of global warming on

human health is divided into two categories: direct

effect on the illness such as heat shock and increased

mortality in population with other diseases and indirect
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Table 1 Emerging and forecasted effects of climate change/global warming on infectious diseases and other human health

conditions in the world

Direct effect on other health conditions

Heat waves: Short-term increase in mortality, especially among those with cardiovascular and/or respiratory diseases,

and increase in heat shock patients

Co-effect with air pollution: Increase in asthma and allergy patients

Storms and floods: Increase in morbidity and accidental death

Indirect effect on infectious diseases

Expansion of mosquito- and tick-infested areas, and increase in mosquito activity: Increase in the number of patients with

mosquito-borne infectious diseases (i.e. dengue and malaria) and expansion of epidemic areas

Contamination of water and foods with bacteria: Increase in the number of patients with water- and foodborne infectious

diseases

Deterioration of environmental and social conditions: Increased risk of infectious diseases
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effect on diseases such as infectious diseases and allergy

(Table 1). The IPCC report states that climate change

has altered the distribution of some infectious disease

vectors, the seasonal distribution of some allergenic

pollen species, and increased heat wave-related deaths.

In the present review, the effect of global warming on

infectious diseases is addressed. Furthermore, current

research on the effect of global warming on infectious

diseases is introduced.

2. Effect of Global Warming on Infectious

Diseases

It has been assumed that global warming has profound

effects on infectious diseases (Figure 1). The effect of

global warming on infectious diseases is indirect.

Although the effects have been detected worldwide, the

degree and types of the effect are different, depending
Figure 1 Simplified schematic diagram of the effect of climate chan
on the location of the respective countries and socio-

economical situations. Among infectious diseases,

water- and foodborne infectious diseases and vector-

borne infectious diseases are two main categories that

are forecasted to be most affected.

2.1. Effect of global warming on water- and

foodborne infectious diseases

It has been predicted that the number of the patients with

water- and foodborne infectious diseases is heavily

affected by global warming. The number of cholera

cases was increased by both high and low rainfalls in

Bangladesh.3 The number of non-cholera diarrhoeal

disease cases is also increased by high and low rainfalls

and by higher temperature in Bangladesh.4 However, the

degree of the effects on water- and foodborne infectious

diseases depends on the levels of the social
ge/global warming on infectious diseases. Modified from Ref. 2.
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infrastructure. In the countries where water and food

supply systems and sewage system are well established,

the effect on water- and foodborne infectious diseases is

expected to be less affected. Thus, the effect is assumed

to be greater in developing countries but less in devel-

oped countries.

2.2. Effect of global warming on vector-borne

infectious diseases

Vector-borne infectious diseases are caused by the

pathogens transmitted by arthropods. Mosquitoes and

ticks are the main vectors. The effect of global warming

on vector-borne infectious diseases is indirect. Global

warming affects geographical distribution and activity

of the vectors. Thus, the levels of the influence depend

on the kind of vectors.

The major mosquito-borne infectious diseases that

have been reported to be affected by global warming

include malaria, dengue fever, Japanese encephalitis

(JE), and tick-borne encephalitis.

2.2.1. Malaria

Malaria has been considered to be the most important

vector-borne infectious disease in the world. It has been

reported that global warming changes the distribution,

intensity of transmission, and seasonality of malaria in

sub-Saharan Africa.5,6 Association between inter-annual

variability in temperature and malaria transmission was

detected in Africa. In Kenya, the number of malaria

cases was associated with rainfall and high maximum

temperature in preceding 3e4 months.7 In Ethiopia,

malaria epidemics were associated with high minimum

temperatures in the preceding months.8 On the other

hand, there have also been reports that suggest no

evident association between climate change and malaria

in South America1 or in the Russian Federation.9 Thus,

it is possible that the potential impact of global warming

on malaria varies at local levels.1

2.2.2. Dengue fever

Dengue fever is an important vector-borne viral infec-

tious disease in the world. There have been reports that

suggest an association between global warming and

epidemics of dengue fever.10e13 However, there also

have been reports that suggest the absence of an asso-

ciation between global warming and epidemics of

dengue fever. This is probably because of the presence

of multiple other factors in addition to climate factors or

the effect of global warming on dengue fever epidemics

vary in the study regions. The model of vector abun-

dance demonstrated a good agreement with the distri-

bution of reported dengue cases in some areas in the

world.14 Thus, it is predicted that the positive effect of
global warming on the abundance and distribution of

vector mosquitoes eventually leads to increase in the

number of dengue patients and expansion of dengue

virus endemic areas.

2.2.3. Other vector-borne infectious diseases

There have been reports on climate-related shifts in the

distribution of ticks that may transmit tick-borne

encephalitis virus in the regions. Northern or altitudinal

shifts in tick distribution have been reported in Sweden

and Canada15e17 and also altitudinal shifts in the Czech

Republic.18

Severe outbreak of Murray Valley encephalitis

caused by a mosquito-borne virus has been reported to

occur after heavy rainfall and flooding in southern

Australia.19 Heavy rain or flood can cause outbreak of

Ross River fever caused by another mosquito-borne

virus because of increased breeding of mosquitoes.20 It

has been reported that the number of chikungunya

patients increased after draught rather than heavy rain-

fall. There also have been reports on the effect of

climate change on JE.21,22 The effects of climate

change on vector-borne infectious diseases are complex.

The available data until today in general support

the conclusion that global warming increases the

number of patients with vector-borne viruses. This effect

is caused by expanded distribution or increase in the

number and activity of the responsible vectors.

2.3. Current studies on the effect of global

warming on the infectious diseases

2.3.1. Research on the northern border of Aedes

albopictus-infested areas in Japan

The effect of global warming on infectious diseases has

not become apparent as an increase in the number of

patients with vector-borne infectious diseases or diar-

rhoeal diseases in Japan. However, there has been an

expansion of the infested areas of an important vector

mosquito, A albopictus. A albopictus is a major vector of

dengue and chikungunya fever. The distribution of A

albopictus in northern Japan has been long studied.23

The northern border of the habitat of A albopictus was

at northern Kanto district, according to the research by

U.S. occupational force after the World War II. The

northern border has been moving northward and is at the

northern Tohoku district in 2006.24 The northern border

of the habitat of A albopictus is well accordant with the

area with annual average temperature of 11�C and

higher. This does not, however, directly suggest that

epidemic of vector-borne infectious diseases such as

dengue fever and chikungunya fever will occur in

northern Japan but suggest that the area with the risk is

expanding northward.
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2.3.2. Research on the relationship between

summertime temperature and

seroconversion rate to JE virus in pigs

JE virus is maintained in nature between vector

mosquitoes and domestic pigs in endemic regions.25 The

principal vector of JE virus is Culex tritaeniorhynchus in

the East Asia. Pigs are also considered as an amplifier

for JE virus and a natural host in the temperate zone. In

the temperate zone, the vector mosquitoes started to be

detected in May, then seroconversion of pigs occurs, and

occurrence of human cases follows.26 In the countries

where JE vaccination has been strongly implemented

and most of the people have protective immunity, threat

of JE is not reflected by the number of patients. Pigs are

usually slaughtered to be shipped to the market before 6

months of age in Japan. Most pigs present in summer

were born after the previous JE season had been over.

Thus, they are naive to JE virus before the epidemic

season starts. Naive pigs are highly susceptible to JE

virus and develop high levels of viraemia and specific

antibody after infection with JE virus. The seroconver-

sion rate among sentinel sero-negative pigs reflects the

prevalence and activity of JE virus.

Seroconversion rates to JE virus in sentinel pigs were

assessed by measuring specific haemagglutination inhi-

bition antibody to JE virus two to three times a month.

Seroconversion rates of sentinel pigs from 1983 to 2003
Figure 2 The relationship between seroconversion rate in sentin

June, July, and August in Japan; analyses using the data from 1983

sentinel pigs and the number of days with the average temperature e

between these two parameters (rZ 0.6738). (B) The relationship b

days with the highest temperature equal to or higher than 25�C. Th
(rZ 0.6031). (C) The relationship between seroconversion rate in se

equal to or higher than 20�C. There was a significant correlation

y-axis: seroconversion rate (%).
were obtained from the Reports of the National Epide-

miological Surveillance of Vaccine Preventable

Diseases by the Ministry of Health, Labour and Welfare,

Japan. The highest seroconversion rate in each of the

prefectures was used for the analyses. The meteorologic

data were obtained from Japan Meteorological Agency.

The data at the same or the closest cities to those where

the pig farms or slaughterhouses were located within the

same prefecture were used for analyses along with the

highest seroconversion rate in the year.

The relationship was analysed between the serocon-

version rates among sentinel pigs and three meteorologic

parameters in June, July, and August; (1) the number of

days with the average temperature equal to or higher than

25�C, (2) the number of days with the highest temperature

equal to or higher than 25�C, and (3) the number of days

with the lowest temperature equal to or higher than 20�C
(Figure 2). The results indicate that the seroconversion

rates among sentinel pigs were correlated with each of the

three meteorologic parameters and suggest that the prev-

alence and activity of JE virus is positively affected by

summertime temperature.

Based on the analysis, seroconversion in sentinel pigs

is calculated to occur when there are at least 3 days with

the average temperature equal to or higher than 25�C, at
least 35 days with the highest temperature equal to or

higher than 25�C, and at least 17 days with the lowest

temperature equal to or higher than 20�C during 92 days
el pigs and the number of days with high temperature during

to 2003. (A) The relationship between seroconversion rate in

qual to or higher than 25�C. There was a significant correlation
etween seroconversion rate in sentinel pigs and the number of

ere was a significant correlation between these two parameters

ntinel pigs and the number of days with the lowest temperature

between these two parameters (rZ 0.6996). X-axis: days and
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in June, July, and August. Furthermore, 50% serocon-

version in sentinel pigs is calculated to occur when there

are at least 37 days with the average temperature equal

to or higher than 25�C, at least 65 days with the highest

temperature equal to or higher than 25�C, and at least 50

days with the lowest temperature equal to or higher than

20�C.
The results suggest that seroconversion rate in

sentinel pigs are higher in the years when the tempera-

ture is higher during summertime. If global warming

continues, it is possible that activity of JE virus becomes

constantly higher in northern area of East Asia.8

3. Direct Effect of Global Warming on
Human Health Other Than Infectious
Diseases

It has been reported that global warming has direct

effects on various aspects of human health including

infectious diseases. They include heat-related diseases

caused by heat waves, injuries, and deaths caused by

extreme geological events.

Heat shock is a health problem that is most directly

affected by the ambient temperature. In the studies in

Japan, there has been a positive relationship between the

temperature and the number of heat shock cases in most

of the major cities in Japan. The number of heat shock

cases increases sharply when the temperature becomes

32�C and higher. Based on these observations, it is

assumed that global warming will increase the number

of heat shock patients. However, adaptation measures

such as introduction of air-conditioning system are

expected to ease the effect.

It has also been reported that global warming

increases the mortality rate, especially among those with

cardiovascular and/or respiratory diseases. Many studies

have demonstrated that there is a temperature at which

the mortality rate is at the lowest level. This temperature

is called the optimum temperature. The mortality rate is

higher at both extremes of temperature, that is, high and

low sides. Thus, the temperature-mortality relation is

usually “V” shaped. The 80e85 percentile value of the

daily maximum temperature is the best index of the

optimum temperature.27,28

4. Projected Trends in the Effect of Global
Warming on Human Health in the World

The projected trends of the effect of global warming on

human health were also summarized in the fourth report

of IPCC.1 The projected trends in climate change-

related effects include (1) increase in malnutrition and

consequent disorders; (2) increase in the number of

people suffering from death, disease, and injury from

heat waves, floods, storms, fires, and droughts; (3)

change of habitants of some infectious disease vectors;
(4) mixed effects on malaria (the geographical range

will contract in some areas, whereas it will expand and

the transmission season may be changed); (5) increase in

the burden of diarrhoeal diseases; (6) increase in

cardiorespiratory morbidity and mortality associated

with ground-level ozone; and (7) increase in the number

of population at risk of dengue. On the other hand, there

will be some benefits to health, including fewer deaths

from cold. The benefits will be, however, outweighed

by the negative effects of rising temperatures worldwide

in developing countries.

The projected trends in the global warming effect in

the East Asian countries may be different from those in

other regions of the world. There will be increase in the

number of heat shock cases and in increase in mortality

rate among those who have cardiovascular and respira-

tory disorders, unless appropriate adaptation measures

are taken. As stated above, there has not been apparent

profound effect on infectious diseases in East Asia yet.

It is predicted that the impacts will appear in one form or

another if global warming continues to progress in

future. Different from the projected trends in the

developing counties, it is unlikely that global warming

induce a great increase in the number of patients with

diarrhoeal diseases in East Asian countries where social

infrastructures are well established.

Furthermore, it is possible that activity of vector

mosquitoes will become constantly high even in

Northeast Asia. These trends, however, do not directly

mean the increase in the number of patients with vector-

borne infectious diseases, if appropriate countermea-

sures are taken.

5. Adaptation to the Global Warming

Even with the strongest mitigation measures, global

warming cannot be avoided for decades. Therefore,

implementation of adaptation procedures to the global

warming is the most practical action we can take. There

are multiple adaptation measures to the effect on

infectious diseases. These include (1) vector control, (2)

development of vaccines and implementation of vacci-

nation, (3) development of new drugs, (4) establishment

of surveillance and control programs, and (5) forecast of

epidemic and development of preventive measures.

The impacts of global warming on infectious diseases

have not been apparent at this point yet in East Asia.

Research on the impacts of global warming on infec-

tious diseases and future prospects in East Asia should

be conducted in a wide range of research subjects.

In Conclusions, many studies have suggested that

climate change has various negative effects on human

health including infectious diseases. However, it should

be noted that the levels of the impacts of climate change

on human health will differ among regions, depending

on various factors, such as social infrastructures, and

establishment of countermeasures.
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This makes the interpretation of the results of the

studies quite difficult. Understanding of the effect of

climate change on human health has been progressed

very much in recent years; however, it is true that much

more studies and data are needed to further understand

in detail the effect of climate change.

There are other important issues to be considered

especially in the study on the effect of infectious

diseases. The number of patients with infectious

diseases is affected by multiple factors. There are

differences in virulence among strains in each pathogen.

Thus, the number of symptomatic infection can vary

depending on the level of the virulence of dominant

strains of the pathogen. Furthermore, the changes in the

number of cases depend heavily on the accuracy of

surveillance and reporting systems, which are not still

established in many developing countries. Thus, in the

studies of the effect of global warming on infectious

diseases, multiple biological, sociological, and

economical factors should be taken into account.
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