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ABSTRACT

Wealthy, industrialized countries of the developed world successfully underwent

the ‘‘epidemiologic transition’’ from infectious diseases to degenerative dis-

eases, but developing countries have not yet achieved that transition. This

article reviews the current status of Omran’s Theory of Epidemiologic Transi-

tion, comparing the burden of infectious diseases in the developed world versus

the developing world. The advent of modern sanitation and hygiene practices,

effective vaccines, and antibiotics have significantly diminished the burden in

the developed world, but infectious diseases remain the most common cause of

death worldwide. The persistence of this disease burden has been due to a

failure to employee effective strategies and to unforeseen developments, such as

the emergence of HIV and the re-emergence of malaria and tuberculosis driven

by newly developed drug resistance. The challenge in accurately assessing

infectious disease burden and developing effective interventions is reviewed

along with the most common diseases and current intervention strategies.
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Introduction

For most of recorded history, infectious diseases have been among the

leading causes of suffering and death throughout the world. However,

from the middle of the 19th century through the middle of the 20th

century, deaths from infectious diseases declined rapidly throughout the

developed world1–4. In the late 1960s and early 1970s, many leaders in

public health were confident that they were witnessing the end of

infectious diseases as a major health threat, so much so that US Surgeon

General William H. Stewart is frequently quoted as saying it was time to

‘‘close the book on infectious diseases’’ and focus on more chronic

ailments such as cancer and heart disease (it appears that Dr. Stewart

may not have really made this statement, but it certainly reflects the

sentiment of the day) 5,6. Unfortunately, this victory over infectious

diseases was largely only true in the developed world. Current estimates

and future projections show that infectious diseases remain the number

one cause of death in developing countries, currently accounting for

425% of deaths worldwide, and over 40% of deaths in developing

countries, significantly more than in developed countries7– 9 (See Figure

1). However, the success over infectious diseases was not maintained
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even in the developed world. Due to emerging and re-emerging

diseases, death rates from infections in the United States increased

58% between 1980 and 199210.

In 1971, Abdel Omran proposed the theory of an ‘‘epidemiologic

transition’’ to account for the tremendous progress in health seen in

industrialized countries over the 19th and 20th centuries11. He

suggested that all societies progress through three stages of disease:

‘‘the age of pestilence and famine’’, characterized by high, fluctuating

mortality rates with life expectancies under 30 years; ‘‘the age of

receding pandemics’’, characterized by rising life expectancies to over

50 years, but a persistent heavy burden from infectious diseases; and the

‘‘age of degenerative and man-made diseases’’ during which life

expectancy increases further, the burden of infectious diseases declines

considerably, and degenerative diseases, such as cancer and cardiovas-

cular disease, become more prevalent. It seemed clear that industrialized

countries had moved from the second to the third stage, and it was

assumed that developing countries would soon share in a similar decline

in infectious disease burden. While progress has certainly been made in

many areas of the world, especially when measured simply by mortality
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rates, the transition is far from complete in many developing countries.

Furthermore, mortality is not the only important measure of the burden

of infectious diseases. Other important measures of disease burden, such

as cognitive and developmental delays or economic impact can reveal

an even greater persistent difference in the epidemiologic transition

stages between the developed and developing worlds.

The hope that the 20th century would see the end of a significant

burden of infectious diseases and a convergence of health between

developed and developing countries was impeded, and in many cases

reversed, by several factors. There has simply been a failure to fully

employ many of the same strategies in the developing world that were

so successful in controlling infectious diseases in the developed world.

For instance, immunization programs have been among the most

successful and cost-effective public health programs, accounting for

the prevention of 2 million child deaths in 2003 alone12. However, there

were still an estimated 2.5 million childhood deaths from vaccine

preventable diseases, most of which occurred in developing countries

(see Figure 2)12. There has also been an emergence of new diseases.

During the 1970s, no one expected that HIV, which was initially

recognized in 1981, would emerge and cause a pandemic that to date

has affected 65 million people and has resulted in 25 million deaths (a

vast majority of which are in developing countries)13 (see Table 1).

There has also been a re-emergence and spread of other diseases

endemic to developing countries, such as tuberculosis (TB) and

malaria, often driven and complicated by newly emerged drug resis-

tance14.

The emergence of HIV and other infectious diseases, such as

Ebola and Marburg hemorrhagic fevers, bovine spongiform
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encephalopathy (‘‘mad cow disease’’), severe acute respiratory

syndrome (SARS), West Nile virus, and avian influenza, has

resulted in an increased awareness of infectious diseases in the

developed world14,15. Furthermore, a growing recognition among

developed countries that they are vulnerable to diseases that

might emerge from developing countries, as well as genuine

humanitarian concern for the condition of those in need, has led

to a greater interest in diseases endemic to the developing

world14– 16. Tremendous progress has been made against several

diseases, including the development of anti-retroviral therapy

which has dramatically cut the number of deaths from

AIDS17,18, and the development of new vaccines against devas-

tating infections, but these developments have not always been

translated to the developing world13,19. Rotavirus is the most

common cause of severe childhood diarrhea in the world,

accounting for 37 to 231 infant deaths per year in the United

States and European Union20,21 but between 400,000 and

500,000 deaths worldwide22,23. Vaccines for rotavirus have

been recently approved and are quickly being incorporated into

pediatric vaccine schedules in developed countries but not yet in
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Table 1 Worldwide distribution of HIV, 2006

People
living
with HIV

New
infections

AIDS
deaths

Adult
prevalence,
(%)

Primarily developed

North America and
Western and
Central Europe 2 million 65,000 30,000 0.5%

Primarily developing

Sub-Saharan Africa 24.5 million 2.7 million 2 million 6.1%

Asia 8.3 million 930,000 600,000 0.4%

Latin America 1.6 million 140,000 59,000 0.5%

Eastern Europe and
Central Asia 1.5 million 220,000 53,000 0.8%

Middle-East and
North Africa 440,000 64,000 37,000 0.2%

Caribbean 330,000 37,000 27,000 1.6%

Oceania 78,000 7,200 3,400 0.3%

Total 38.6 million 4.1 million 2.8 million 1%

Adapted from UNAIDS, 2006 Report on Global AIDS Epidemic.



most developing countries22,23. Human papillomavirus (HPV)

vaccine has also become available and is rapidly being widely

utilized in developed countries, but in the developing world,

where HPV-related morbidity and mortality from cervical cancer

primarily occurs, there are great challenges to making it avail-

able24– 26.

Fortunately, numerous philanthropic governmental and non-

governmental organizations are making great efforts to provide

financial and technical support to increase the availability of such

life-saving measures to developing countries. Examples include the

Expanded Program on Immunization (EPI), which was developed

in the 1970s by the World Health Organization (WHO) in

collaboration with the United Nations Children’s Fund (UNICEF)

and others to provide basic vaccine coverage to children

throughout the world12, the Global Alliance for Vaccines and

Immunization (GAVI), a public-private global health partnership

created in 1999, which provides financial assistance for vaccines to

children in the poorest countries of the world27, the Global Fund

to Fight AIDS, TB, and Malaria, which provides financing for

projects designed to fight those diseases28, and the President’s

Emergency Plan For AIDS Relief (PEPFAR), a 5-year

US$15 billion initiative to rapidly augment AIDS treatment and

prevention programs29. Each of these programs has had both

successes and failures and are justly critiqued29–31, but the focus

of governments on these health issues and the tremendous infusion

of resources from private organizations, such as the Bill and

Melinda Gates Foundation, has resulted in renewed opti-

mism12,27,31.

In this article, we will explore the current status of the

‘‘epidemiologic transition,’’ discussing the methods credited for

achieving this transition, some of the barriers that have slowed the

transition in the developing world, and some of the difficulties in

even measuring the burden of disease and the progress of the

transition. We will also review several of the most common

diseases, including strategies for prevention and efforts to establish

surveillance systems to monitor for emerging diseases or to target

appropriate interventions.

Historical perspective

In the United States in 1900, infectious diseases accounted for 44% of

all deaths, led by pneumonia, tuberculosis, and enteric infections

(diarrhea and typhoid fever)32,33. The burden of illness fell especially
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hard on the young, with 30.4% of all deaths occurring in children less

than five years old32. Remarkable progress was made over the early

20th century to alleviate this burden, so that by 1936, only 18% of

deaths were due to infectious diseases (see Table 2)33, and by 1997,

when only 1.4% of deaths were in children less than five, the leading

infectious causes of death, pneumonia, influenza, and HIV, only

accounted for 4.5% of deaths overall32. This progress was largely due

to interventions started in the 19th century with the development of the

‘‘germ theory’’, an understanding that microorganisms are the cause of

many diseases34. Following the development of the germ theory, there

were significant advances in three main areas which led to dramatic

declines in death rates due to infectious diseases: sanitation and

hygiene, immunizations, and antibiotics32,34.

Sanitation and hygiene

In the 19th century, there was a steady migration from rural areas to

urban areas as the Industrial Revolution created more economic

opportunities in cities across Europe and the United States33,35,36. The

increased populations quickly overwhelmed the basic infrastructure of

those cities, causing overcrowding and increased exposure to contami-

nated food and water, leading to increased mortality, an effect termed

the ‘‘urban penalty’’ 33,36. (This same ‘‘urban penalty’’ is currently

being described in developing countries experiencing similar urban

migrations)37 –39. In the late 1800s in the United States, infant mortality
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Table 2 Percentage of deaths caused by infectious diseases in 12 major cities in
the USA in 1900 and 1936

Disease 1900 1936

Tuberculosis 39.3 17.9
Pneumonia 9.6 9.3
Diarrhea and enteritis 7.0 NyA
Typhoid Fever 2.4 0.1
Meningitis 2.4 0.3
Diphtheria and Croup 2.3 0.1
Malaria 1.2 0.1
Smallpox 0.7 0.0
Influenza 0.7 1.3
Measles 0.7 0.0
Scarlet Fever 0.5 0.1
Whooping Cough 0.6 0.2

Adapted from Cutler, Demography, 2005; 42, 1 –22.



was 140% higher and life expectancy was 10 years shorter in urban

areas than in rural areas33. The situation was similar in Poland36.

Although the germ theory was just being developed, people recognized

that inadequate sanitation and hygiene were associated with disease,

often attributing the cause of illness to ‘‘miasmas,’’ poisonous vapors

that were offensive to smell and were thus thought to emanate from

contaminated water and filthy areas33. This recognition led to many

efforts, some focused on the individual, some municipal, and some

international, to improve sanitation and hygiene32,33,40.

In 1850, the Report of the Sanitary Commission of Massachusetts

1850, also called the Shattuck Report after the chairman of the

commission, Lemuel Shattuck, was published with comprehensive

recommendations to improve and protect health41,42. The Shattuck

Report made broad recommendations for both municipalities and indi-

viduals for the promotion of health, reflecting the prevailing attitude that

the personal aspects of hygiene involved proper considerations of

personal cleanliness, food, water, clothing, work, exercise, and other

personal habits41– 43. Concurrently, numerous organizations were emer-

ging dedicated to improving personal hygiene, some as part of

educational curricula43, some as part of Christian cleanliness move-

ments,44 and often simply to improve health33. Many of these

campaigns focused on food preparation (hand washing, boiling milk,

etc.), breast-feeding, and personal hygiene, and there is evidence that

these actions by individuals and households had some success in

decreasing disease33.

At the same time, large scale interventions were being implemented

by municipal governments, including the institution of animal and

insect control programs, which were very successful in reducing

malaria and eliminating the dog-to-dog transmission of rabies; milk

pasteurization and meat inspection, dramatically cutting rates of food-

borne illnesses, including tapeworms and trichinosis; and sanitation

services, refuse management, and clean water technologies33. Each of

these interventions was beneficial, and it is difficult to separate out the

effect of each intervention, but it appears that the advent of clean water

technology, filtration and chlorination, was the most important public

health intervention of the 20th century33. Cutler and Miller recently

published an elegant analysis of mortality data in 13 major U.S. cities

from 1900 to 1936, during which time deaths from infectious diseases

fell from 44% to 18%, showing that the provision of clean water

accounted for nearly half of the overall reduction in mortality, two-

thirds of the reduction in child mortality, and three-quarters of the

reduction in infant mortality, as well as the near eradication of typhoid

fever33. Very interestingly, the reduction in enteric diseases (diarrhea
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and typhoid fever) could not have accounted for the total reduction of

mortality alone, as it appears that other common diseases (pneumonia,

tuberculosis, meningitis, and diphtheriaycroup) also decreased in

response to the provision of clean water. Furthermore, they showed

that the effects of clean water grew over time, suggesting that there was

a complementary effect between the municipal public health interven-

tions and the ongoing private hygiene education efforts33. However,

unlike the private hygiene efforts, which had the greatest effect on those

with the most education, a reasonable indicator of wealth, the provision

of clean water had the greatest impact on the poor33. Although building

and maintaining municipal water systems was enormously expensive,

costing about $300 million (USD) for every 10 years of service, the

social rate of return was huge, with an estimated $23 saved for every $1

spent33.

There were also significant sanitation efforts on an international scale.

In response to successive epidemics of cholera throughout Asia and

Europe during the early to mid-19th century, representatives from 11

European nations attended the first International Sanitary Conference in

Paris in 1851 to establish quarantine policies intended to stop the

transnational spread of disease40. Although their results were limited by

both national, political, and economic concerns, as well as scientific

disagreements over widely varied theories as to the cause and mode of

spread of disease, the meeting established a precedent for international

scientists and politicians to work together to control the spread of

disease. This led to ten international sanitary conferences from 1851–

1900 with ever broadening goals of disease control, inspiring the

formation of many national health agencies, and establishing standar-

dized methods of sanitation, quarantine, and disease surveillance40. As

the germ theory of infectious disease became more widely accepted, and

as new discoveries of the cause of various diseases were described,

these methods became increasingly codified, often being incorporated

into the national laws of participating countries as part of the develop-

ment of national public health agencies, such as the U.S. Public Health

Service (USPHS) 32,40.

Vaccinations

Other than the provision of clean water, immunizations had the greatest

impact on reducing the burden of infectious diseases in the 20th

century45. Immunization programs have also been among the most

cost effective public health interventions32,46. In the United States, state

and local health departments instituted vaccination programs, aimed

primarily at poor children after the licensure of the combined diphtheria
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and tetanus toxoids and pertussis vaccines in 194932. In 1955, the

introduction of the Salk poliovirus vaccine led to federal funding of

childhood vaccination programs, ushering in an era of universal child-

hood vaccination in the U.S.32. The addition of more vaccines has led to

the near elimination of diseases that had once been common causes of

significant childhood morbidity and mortality, such as poliomyelitis,

diphtheria, tetanus, measles, mumps, rubella, pertussis, and

Haemophilus influenzae type b meningitis12,32. Similar dramatic reduc-

tions in childhood morbidity and mortality were seen in the U.K.45. The

greatest success in the use of vaccines came in 1977, after a decade long

campaign involving 33 countries, when smallpox was eradicated from

the world32.

Antibiotics

The first US civilian patient whose life was saved by penicillin

was in March 194232. That event was the start of the rapid

discovery and the development of antimicrobials that would

dramatically reduce deaths from previously untreatable infections,

such as pneumonia and meningitis. Streptomycin, the first

antibiotic effective against tuberculosis, was discovered in 1943.

Mortality from tuberculosis quickly fell from 39.9 deaths per

100,000 persons in 1945 to 9.1 deaths per 100,000 persons in

195532. Over the last 60 years, many new classes of antibiotics

designed to more effectively treat bacterial infections, as well as

drugs targeting other infections, such as malaria, fungal infec-

tions, and viral infections (including HIV) have been developed.

These drugs have been remarkably effective at reducing mortality

from many of these diseases32.

Epidemiological transition revisited

It is unarguable that the ‘Western World’ successfully transitioned from

undeveloped to developed, with attendant declines in infectious disease

mortality. Many other countries around the world appear to be on their

way to achieving this transition as well. However, not all countries have

been able to achieve such progress, and there is ongoing debate and

concern regarding this model given the delayed transition, or even

regression, of population health among countries in many other parts of

the world47– 50.

Omran’s theory was based strongly on observations of the time (as

well as historical data leading up to the late 1960s), and naturally

supported the developed theory to explain the increase in life expec-
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tancy and subsequent emergence of mortality due to ‘degenerative and

man-made’ diseases. However, over the past 30 years his theory has

been put to the test by subsequent observation and unforeseen devel-

opments (e.g., economic crisis in Africa, HIV, collapse of former Soviet

Union, cardio-vascular revolution), and while the concepts of epide-

miologic transitions still hold true, there are a number of notable

exceptions to Omran’s original thesis.

Figure 3 displays the estimated life expectancy at birth (both sexes

combined) for select geo-economic regions between the years of 1965

and 2000. While much has been learned from studying life expectancy

trends from a country level and stratified by age, gender and race51– 58,

some larger themes which prompt further contemplation on the theory

of epidemiologic transition can be drawn from the illustration of trend

patterns across these geo-economic regions47,59,60. There has been

slower progress in life expectancy gains between 1965 and 1980 seen

among countries in sub-Saharan Africa compared to their north African

counterparts59. While in 1965 countries of sub-Saharan Africa were not

quite up to par with the Middle East and North Africa (MENA), there is

further divergence in life-expectancy between these two regions after

that time. This period of history included re-establishment of rule after

colonial independence and Cold War maneuverings, during which time

war and other forms of political violence were common to many of

these African nations. Concurrently, there was a lack of investment in

infrastructure, public health and other societal modernizations necessary

to move beyond Omran’s second phase. Other contributing factors

include the economic crisis which hit sub-Saharan Africa in the

1980s61, and the associated reappearance of infectious diseases other

than HIV, as well as many other probable factors59. Unlike other

regions which have progressed out of the second phase, most countries

of sub-Saharan Africa are notable for resistant declines in infant and

child mortality (main drivers of life expectancy) and there are very few

countries in this region where the infant and child death has dropped

below 100 per 1,00059,62. Interestingly, it is has been described that

infant mortality rate, probably both as a result of and as a contributing

factor, is highly correlated with state failure63.

Another important element in the slow progression of some countries

is the discrepancy of the transition between racial-ethnic andyor

economic groups, beginning among individuals with higher socio-

economic status and eventually spreading to those with lower socio-

economic status64. This finding deals mainly with the reality of

socioeconomic inequalities occurring at every step, from exposure

and resistance to diseases, to care seeking behavior, and access to

appropriate care. It has been estimated that if the under-5 mortality rate
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in the poorest 80% of the population of the developing world could be

reduced to that of the richest 20%, overall mortality would be reduced

by 40%64.

A second general observation that can be made from review of these

data is the stagnation in Eastern Europe and the former Soviet Union65.

By 1965, average life expectancy at birth of member countries in the

Organisation for Economic Co-operation and Development (OECD),

Eastern European, and former Soviet Union countries could be

classified as having reached the ‘third phase’ of Omran’s transition

theory. However, as seen in Figure 3, from this point forward these

three groups take divergent trajectories. The continued improvements of

OECD member countries is thought most likely to attributed to a

‘‘fourth phase’’, the cardiovascular revolution, which Olshanksky and

Ault have suggested to add to Omran’s model, which postulates gains

based on improvements in the prevention and treatment of cardiovas-

cular disease48. However, Eastern European countries and the former

Soviet Union, while having centralized modern health systems respon-

sible for the entire care of the populace, faced challenges in transi-

tioning to the fourth stage, which required individual’s being actively

involved in their own health (e.g., behavior change). Furthermore, the

economies of these countries were involved in an arms and space race
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with western countries, which impacted their ability to create an

efficient health system to deal with chronic diseases57,66.

Up until the mid-1980s Eastern Europe and the former Soviet Union,

were on a parallel track, however, what is striking is the subsequent

decline in life-expectancy of the former Soviet Union beyond this time.

It is apparent that countries of the former Soviet Union experienced

social and economic upheaval during this time which resulted in

dismantling of public services, including the health system, at a time

when people were suffering food shortages and psychological stress67 –

69. Russia and Ukraine are experiencing a re-emergence of infectious

diseases (e.g., tuberculosis and diphtheria) and a continued burden of

circulatory diseases and violence, of which young people are the main

victims65.

Lastly, Figure 3 clearly demonstrates a grave trajectory for sub-

Saharan Africa. The force of HIVyAIDS through heterosexual and

mother-to-child transmission and widespread economic crises have

had a destabilizing effect threatening an already weak public health

system, further contributing to the pressures of infectious diseases

and other health threats on these countries47. Poverty and inequality

exacerbates disease transmission, which in turn results in increased

poverty and inequality –a crippling negative feedback loop. But if

this were not enough, sub-Saharan Africa, in addition to many other

developing countries, is also experiencing an increasing burden of

‘man-made’ diseases resulting in the notion of ‘‘double burden of

communicable and non-communicable disease’’, which further strains

the capacity and resources of these countries70.

In total, these observations raise questions about the one way

progression through the stages of Omran’s theory. It appears that

countries can exist in two stages at once and possibly even revert

back to early stages from which they had previously transitioned.

With the emergence or reemergence of infectious diseases, we have

learned that the threat of infection cannot be eradicated, but must be

viewed in terms of effective control. Furthermore, if efforts of

disease control are challenged by politics, war, or inequality, all

that is gained can suddenly be lost (e.g., HIVyAIDS in sub-Saharan

Africa and reversion in former Soviet Union). It is also clear that

transition to the third and fourth stages requires favorable political,

social and economic conditions to allow effective strategies for which

all societies are not equally prepared to adopt (e.g., stagnation in

Eastern Europe).
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The spectrum of disease impact

‘‘If knowledge is power, the field of public health has remained

incredibly weak’’, states William H. Foege in his foreword to Murray

and Lopez’s, The Global Burden of Disease71. The availability of

quality health statistics at the country, regional, and global levels are

needed not only for prioritization of health problems, but to recruit and

sustain worldwide political and financial support, to build government

commitment to solving health problems, and to ensure performance and

accountability of investments in these problems72. While health statis-

tics are adequate within most developed countries, it has been estimated

that nearly three-fourths of 152 low-income and middle-income coun-

tries have no reliable data even on cause of death73, leading to health

policy decision making which can be described as ‘‘stumbling around in

the dark’’ 74.

Basic health statistics important for epidemiological and public health

purposes generally fall into the categories of mortality and causes of

death, morbidity and health status, risk factors, service provision, and

health resources72. Additionally, advances have occurred in how disease

burden is understood and measured. Figure 4 depicts the landscape in

which disease burden is measured, including traditional and more novel

measures, as well as the levels (e.g., individual, societal, global) in

which this disease burden may have its impact, and the challenges to

accurately measuring and interpreting these statistics.

While data on mortality and causes of death are a mainstay to provide

important data, these data do not capture those diseases which may not

be fatal but contribute a significant burden on individuals and societies.

In 1996, Murray and Lopez, introduced a novel measure of disease

burden, the disability-adjusted life year (DALY)71. The DALY is a

burden of disease measure that extends the measurable burden of

potential years of life lost due to premature death (PYLL) with the

addition of equivalent years of ‘healthy’ life lost by virtue of being in

states of poor health or disability. Thus, the DALY combines in one

measure the time lived with disability and the time lost due to premature

mortality. In other terms, a single DALY can be seen as one lost year of

‘healthy’ life. This measure of disease burden represents the gap

between current health status and an ideal situation where an individual

lives into old age free of disease and disability. While there is ongoing

debate regarding the ethical implications in the use of this measure,

including the previous mentioned issue of lack of quality data on which

these estimates are based, the inability to deal adequately with co-

morbidities, the devaluation of the lives of disabled people, and a lack

of transparency in the process of ascribing disability weights for many
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conditions, the use of the DALY as a health gap measure has been

critical for the advancement of progress in global public health75– 77.

However, the impact of infectious diseases in both the developing

and developed world can be considered (but more difficultly measured)

beyond these traditional and novel health estimates. There are broader

economic impacts that need to be considered in the ascertainment of the

burden of disease beyond the individual level78. Rather than the

measures of life expectancy or DALYs, these impacts are measured

in decreased worker productivity and gross national product. For

example, a body of knowledge is accumulating which links stunted

growth, school absenteeism, decreased cognitive function and physical

development to a number of nutritional, environmental exposures and

infectious diseases in the developing world79– 84. It has usually been

considered that wealth is the main determinant (and predictor) of

health85 through purchase of better nutrition, medical care, public

health infrastructure and education, but recently this relationship has

also been described to work in the reverse– that is the notion that

‘‘health drives wealth’’ 86. Bloom and Canning described four mechan-

istic categories which drive this equation:

(1) Productivity – healthier populations will have higher labor produc-

tivity because of both cognitive, physical and emotional improve-

ments,
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(2) Education – people in healthier populations have higher life-expec-

tancy which would result in stronger incentives to improve their

own personal development through education because they need to

plan for a longer survival, and healthier children have higher

attendance, higher cognitive function and increased productivity,

(3) Investment in physical capital occurs in healthier populations

because life expectancy creates a need for people to save for their

retirement which requires increased investment and results in more

opportunities for foreign investment, and

(4) the ‘Demographic Dividend ’ has been described as a transient but

significant boost to the economy associated with the declines in

infant mortality and fertility associated with transitioning coun-

tries86.

These influences are not just theoretical, as Bloom et al., have further

demonstrated that for every one-year increase in life expectancy labor

productivity increases by 4 percent87.

The impact of disease is even greater when considering the global

impact of outbreaks on travel, tourism, business and trade. The most

striking example came from the SARS epidemic of 2003, during which

there were 8,096 reported infections resulting in 774 deaths in 26

countries88. The global economic costs associated with this outbreak far

outweighed the health impact and have been estimated to be in the

range of $30–100 billion US dollars89, which equates to approximately

$4 –12 million per case. These costs were distributed principally among

travel and tourism sectors, though a wide range of sectors were

impacted90,91. This notion of disproportionate economic impact relative

to human health impact has raised concern that future pandemics (e.g.

influenza) may have considerable effects on the global economy and,

therefore, paralleling the surveillance efforts to identify and control

transmission of epidemic disease, significant research and policy

development needs to be done to effectively handle risk perception,

communication and management89.

Beyond tourism and travel industry, infectious diseases have been

shown to have considerable economic impact on livestock and agri-

culture trade industries. Recent outbreaks from produce imported to the

United States including Guatemalan raspberries contaminated with

Cyclospora, Mexican strawberries contaminated with hepatitis A, and

cantaloupe from Mexico contaminated with Salmonella have been

associated with decreased demand for these products resulting in

devastating effects on the economies of the producers of the particular

product and on different agricultural products from the same country92.

It should be remembered, that these large economic losses not only
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affect the affluent owners of these businesses, but also the entire supply

and production chains down to the lower wage earners. Foot and mouth

disease is another example of the potential devastating impact of

infectious diseases in the livestock industry93– 100, and concerns about

the spread of avian influenza have resulted in negative economic effects

on afflicted countries estimated between 0.1 –0.2% of GDP, dispropor-

tionately afflicting the poor who rely more on poultry income101– 103.

The global economic impact of a true pandemic of influenza is projected

to be enormous and is likely to trigger a global recession104,105.

The challenge of development

Beyond compelling reasons of social justice, industrialized country

governments and private corporations should do what it takes to

drastically reduce the current burden of disease in the developing

world base solely on enlightened self-interest106,107. Therefore, the

question then remains not ‘why’ and ‘where’, but ‘how’ and ‘what’

should be the interventions to best affect the needed change. During the

United Nations Millennium Summit in September of 2000, a

Millennium Declaration that was adopted by 189 nations and signed

by 147 heads of state and governments targeted eight primary goals to

address current developmental challenges108. These goals include

eradicating extreme poverty and hunger, achieving universal primary

education, promoting gender equality and empowering women, redu-

cing child mortality, improving maternal health, combating HIVyAIDS,

malaria and other diseases, ensuring environmental sustainability, and

developing a global partnership for development. These goals have 18

quantifiable targets measured by 48 indicators, and a majority of these

goals are directly or indirectly related to mitigating the impact of

infectious diseases in the developing world, underscoring their relation-

ship to poverty, and serving as primary targets of funding through

bilateral donors, international financial institutions, multinational phar-

maceutical industries, and philanthropic organizations. In a recent

review of donor funding related to disease burden, Shiffman examined

donor funding for 20 historically high-burden communicable diseases

between 1996 and 2003 and factors related to variation in levels of

funding among diseases109. Interestingly, the study showed that funding

does not correspond closely with burden (see Figure 5). Many factors

are likely to explain this variation including targeting of particular

diseases for global elimination (e.g., polio and onchocerciasis), efforts

on diseases that are spreading rapidly (e.g., HIV), a focus on diseases

for which cost-effective interventions are available, and interest group

mobilization within richer countries to address certain diseases. Acute
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respiratory infections do not tend to gain the attention from donors as

they are considered readily treatable by industrialized states, and

therefore do not gain the attention as a significant public health threat

from political elites (with the exception of SARS and avian flu)109.

Beyond these considerations of disease burden, there are questions

regarding at what cost-effectiveness thresholds should current interven-

tions be considered, what role does debt relief play, the country

ownership and donor commitment partnership, and the lack of useful

data for which to evaluate program effectiveness110,111. Decisions on

what type of intervention projects and programs to support are often

difficult. Some programs focus on specific population behavior change

for a particular disease, some on developing or distributing a new

technology, such as a vaccine, some on large projects with distributive

effects across a range of health problems, such as increased transporta-

tion infrastructure, building more schools112, or investment in agricul-

ture113. Clearly, there is a vast funding gap to address all the current

challenges, but successful, sustainable and cost-effective choices are

most needed so that none of this funding goes to waste. And herein lies

another challenge in development. It is clear that financial aid works in a

good policy environment, which includes improvements in economic

institutions, policies and country ownership of health programs, which

is vital for sustainment. Often the value of development projects is to

strengthen institutions and policies through reform in even the most
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distorted environments, but it requires patience and a focus on ideas, not

money114. The challenge is that those countries most in need of aid are

also those in which good governance and sound institutions are most

often lacking115,116, an association which is quite evident when one

looks at the relationship between under-5 mortality and perceived

corruption (Figure 6.).

Current infectious disease challenges and
intervention plans

Given the enormous difficulties outlined above in measuring the true

burden of infectious diseases in the developing world, in determining

the appropriate medical as well as political strategies for intervening

against these diseases, and to accurately measure the impact of those

interventions, it would be challenging to provide a thorough and

accurate list of diseases and interventions. Furthermore (and fortu-

nately), advances in technology, such as the development of new

vaccines, might supersede current strategies. However, with these

limitations in mind, this section will provide a brief summary of

several of the most significant infectious diseases challenging the

developing world. Table 3 outlines some of the dramatic differences

in the burden of these diseases between the developed and the

developing world.

Human immunodeficiency virus (HIV)

HIVyAIDS is the fourth leading cause of death worldwide and the

leading cause of death in sub-Saharan Africa117. Sub-Saharan Africa

accounts for almost 70% of HIV infections and 83% of AIDS-related

deaths, reflecting a high infection burden, poor access to care, and

economic instability118. India reported a total of between 3.4 and 9.4

million persons infected with HIV, more than any other nation except

maybe South Africa119. The contribution of factors that facilitate

transmission –high prevalence of other sexually transmitted diseases

(STD), low rate of male circumcision, the unequal status of women,

migration, poverty, and patterns of social mixing–differs by country.

Transmission of HIV predominantly occurs through three mechan-

isms: sexual transmission, exposure to infected blood or blood products,

or perinatal transmission (including breast-feeding). Although it appears

that likelihood of transmission is heavily affected by social, cultural,

and environmental factors and likely also by molecular, viral, or

immunological host factors, risk of transmission varies for type of

exposure: � 3% for receptive anal intercourse, � 0.1% for receptive
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vaginal intercourse, � 0.1% for insertive vaginal or anal intercourse,

0.3% for needle stick injury, 0.6% for use of contaminated intravenous

drug-related equipment, and 0.1% for mucous membrane contact120.

Although male-to-male sex remains the predominant mode of transmis-

sion in most industrialized countries, heterosexual contact remains the

principal mode of transmission in sub-Saharan Africa121. Mother-to-

child perinatal transmission account for 15–25% of all new infections

worldwide122.

Highly active antiretroviral therapy reduces transmission (especially

from mother to child), opportunistic infections and mortality, but it is

not affordable for most persons in resource-poor countries. WHO global

guidelines call for scaling-up antiretroviral therapy access with a low

cost fixed-dose formulation as initial treatment123. Secondary prophy-

laxis and appropriate diagnosis and management of life-threatening

opportunistic infections and HIV-associated cancers remain an impor-

tant aspect of the care of HIV-infected persons.

Several examples demonstrate that it is possible to reduce the spread

of HIV with existing technology and interventions, albeit limited by

cultural norms. Thailand’s HIV prevalence, fueled primarily by high

rates of commercial sex work and low levels of condom use, rose

rapidly in the 1980s, prompting an aggressive program of government-
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mandated condom use which has dramatically reduced the rate of new

infections120,124,125. In Uganda, HIV prevalence has fallen to 5% in

2001 from a peak of 21%, in large part due to a government program

reinforced by strong political support that focuses on reducing the

number of sexual partners, confidential HIV testing, engaging the

religious leadership, and emphasizing STD control and preven-

tion120,124,125. The strategies of Uganda and Thailand reflect distinct

acceptable cultural practices and emphasize the need for development of

regionally or nationally individualized prevention approaches. These

approaches are likely to include the combination of efforts toward

education, access to condoms, and access to antiretroviral therapy.

Tuberculosis

Tuberculosis (TB) remains the second most common infectious cause of

mortality worldwide, second only to human immunodeficiency virus

(HIV)126. TB is spread via airborne droplets, and one-third of the

world’s population is believed to be infected. There are more than 8

million new cases of active TB per year, but only 18,000 of those occur

in the U.S. Approximately 1.7 million people died of TB in 2003,

including 229,000 patients co-infected with HIV127. In India alone,

tuberculosis kills nearly 500,000 people annually128. In 2000, an

estimated 273,000 new cases of multidrug-resistant tuberculosis, or

3.2% of all cases of tuberculosis, occurred worldwide129.

Although infection with TB is extremely common, primary TB

infection is controlled in about 90% of people, resulting in latent

infection but no symptoms or further spread of disease. In approxi-

mately 5% of individuals, acute infection results in primary disease, and

in approximately 5% of people with latent infection, reactivation to

active disease will occur years to decades later130. Interventions against

tuberculosis focus on preventing infection, halting progression from

infection to active disease, and treating active disease. The Bacille

Calmette Guerin (BCG) vaccine remains the only TB vaccine available.

Although there is consistent evidence of efficacy of BCG against

serious forms of disease in children (73% for meningitis and 77% for

miliary TB), the evidence for protection against pulmonary disease in

adults in inconsistent131. Pioneering studies begun in 1993 in India

provide useful insight into potential for benefit from more aggressive

and structured tuberculosis-control programs. By improving access to

care, improving laboratory-based diagnosis, emphasizing direct obser-

vation of treatment, and the use of standardized anti-tuberculous regi-

mens and reporting methods, an estimated 200,000 deaths have been

prevented since that time. Indirect economic savings from decreasing
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morbidity and mortality outweighed the cost of program implementa-

tion by eight-fold128.

Malaria

When considering overall morbidity and mortality, malaria is the most

significant parasitic disease in the world. Indeed, the latest WHO

estimates from 2002 indicate that malaria accounted for 1.27 million

deaths worldwide during that year alone, and over 46 million DALY’s8.

While humans in 107 countries and territories are at risk of disease,

Africa suffers the vast majority of this global burden. Malaria is

transmitted to humans by the bite of the Anopheles mosquito. Clinical

manifestations include fever, shock, severe hemolysis, liver dysfunc-

tion, and central nervous system dysfunction132.

The USA suffers essentially none of the global burden of malaria.

This was not always the case however, as malaria was formerly a

significant cause of morbidity and mortality in the southeastern USA.

Vector control measures with pesticides and self-protection measures

including screens, air conditioning, and insect repellent have all

contributed to the elimination of malaria from the United States and

Europe. Notably, the anopheles mosquito still exists in these regions,

but the above measures were successful enough in interrupting the

malaria life cycle such that the disease has been eliminated from these

regions. Today, similar measures, with the addition of highly effective

insecticide-treated nets and the use of intermittent preventative anti-

malarial therapy, are variably being used to combat malaria in affected

regions. The fight against malaria is complicated however by the rising

prevalence of drug and pesiticide resistance132.

Respiratory infections

Respiratory tract infections, especially lower respiratory tract diseases

including pneumonia (excluding Tuberculosis) and influenza, are

among the leading causes of infectious disease deaths worldwide. In

the developing world, respiratory infections are often exacerbated by

protein malnutrition and vitamin deficiency, which may be secondary to

some other infections, such as with intestinal helminths. While the death

rate from respiratory infections in the USA is nearly one-twentieth that

in Somalia, these conditions still account for 60,100 of the 64,000

deaths caused by infectious diseases in the United States in 2002

(WHO)8.

The majority of respiratory tract infections are transmitted through

mucosal contact by infected respiratory secretions andyor airborne
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droplets. Therefore, while hygiene efforts, such as frequent hand-

washing, may achieve a degree of prevention, vaccination against

specific pathogens is the most effective strategy for reducing respiratory

illnesses. Unfortunately, due to insufficient public health and vaccine

delivery programs, financial hardship, and public views regarding

vaccines, vaccination for respiratory illnesses is inadequate in many

developing countries8. Furthermore, the American Lung Association

indicates that in 2001, of those for whom vaccination is recommended,

only 70% of whites and 48% of African Americans in the United States

received the pneumococcal vaccine and only 65% of those older than 65

were given the influenza vaccine. Therefore, reducing the burden of

infectious respiratory disease in both the developing and developed

world is dependent on improving vaccination programs.

Diarrheal disease

Based on data collected between 1992 and 2000, diarrheal illnesses

caused severe dehydration, electrolyte disturbances, and malnutrition

resulting in 2.5 million deaths worldwide, accounting for about 20% of

all deaths in children under 5 years old8,133. Given the fact that the vast

majority of diarrheal illnesses are transmitted via the fecal oral route,

their morbidity and mortality is concentrated in developing countries

which have inadequate public sanitation systems. Using the countries

listed in Table 1 as examples, the disparity in the distribution of the

burden of diarrheal illness is readily apparent. Etiologic organisms

include bacteria (Vibrio cholerae, E. coli, Shigella, Campylobacter and

Salmonella), parasites (Giardia, Cryptosporidia and Entamoeba histo-

lytica), and viruses (rotavirus)134. Unlike the bacterial and parasitic

causes of diarrhea, rotavirus causes significant illness in pediatric

populations in both the developing and developed countries alike, but

the mobidity and mortality from disease is much higher in the

developing world22,135. Recent developments in rotavirus vaccines

present great opportunities for reducing diarrheal burden due to

rotavirus136, but the main strategy for reducing diarrheal disease

burden is the provision of clean water and food.

Vaccine preventable diseases

An estimated 30 million children each year still lack proper vaccina-

tion137. Every year as many as 3 million children die from vaccine-

preventable diseases, including 600,000 from measles, 200,000 from

tetanus, 300,000 from pertussis, and 390,000 from Haemophilus

influenzae b meningitis. An additional 600,000 people die from the
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consequences of hepatitis B infection acquired during childhood every

year. The burden of vaccine-preventable diseases vary by country,

partly because of differences in vaccine distribution and access to

care, but also because of geography, climate, crowding, nutritional

status, travel, and possibly genetic differences in populations that affect

disease severity138.

The polio eradication campaign, launched by the World Health

Assembly (WHA) in 1988, and led subsequently by the World Health

Organization (WHO), has been successful in decreasing global effects

of disease. Live oral polio vaccine (OPV) is used in most parts of the

world to halt or prevent transmission of the virus139. Since 1988, the

effects of polio, previously considered a lethal or lifelong crippling

disease, has decreased by more than 99% to 1265 worldwide cases in

2004. The percentage of children worldwide living in polio-free

countries has increased from 10% in 1988 to approximately 70%

currently. The success of the program has had the indirect benefit of

creating changes in public health infrastructure, which should improve

means to deliver other vaccines.

Sexually transmitted diseases

Sexually transmitted diseases (STDs) are the most common infections

worldwide, with more than 76% occurring in the developing world140.

Sexually transmitted diseases (STDs) are responsible for an enormous

burden of morbidity and mortality in developing countries through

effects on reproductive and child heath and their role in facilitating HIV

infection141,142. Complications of STDs affect mostly, although not

exclusively women and children; because of delayed or inadequate

diagnosis and treatment, complication rates are high in developing

countries.

Helminth infections

Helminths, or parasitic worms, include Ascaris, Trichura (‘‘whip-

worm’’), hookworms, tapeworms and Strongyloides. Intestinal helminth

infections result in a great deal of morbidity without causing nearly as

much mortality as the diarrheal illnesses. Malnutrition, vitamin defi-

ciency, and low-grade bleeding resulting in iron deficiency are the most

common causes of morbidity, often resulting in developmental delay

and growth arrest in children143. Similar to the diarrheal illnesses,

transmission of these infections is related to filthy conditions.

Therefore the burden of disease is greatest in those regions with
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substandard public sanitation and reduction efforts are focused on the

appropriate disposal of human and animal waste.

Tropical diseases

‘‘Tropical Cluster’’ diseases, which include Chagas Disease, filariasis

(‘‘elephantiasis’’), onchocerciasis (‘‘river blindness’’), dracunculiasis,

and schistosomiasis, are similar to the intestinal helminth infections in

that collectively they represent a massive amount of morbidity world-

wide144. However, they are also similar to the intestinal helminth

infections in that they are less significant causes of death when

compared to the diarrheal illnesses and respiratory infections.

Regardless, 2002 WHO estimates for the burden of the Tropical

Cluster is that nearly 130,000 deaths and over 12 million DALY

were attributable to this collection of diseases8. As ‘‘Tropical’’

implies, the majority of the world’s burden is suffered by populations

residing in the tropics. Each of these infections is either vector borne or

dependent on a non-human intermediate host. Therefore, efforts to

control these infections are primarily focused on vector control144.

Tropical infections lacking adequate control measures

The WHO characterizes several insect-borne diseases with epidemic

potential, including dengue, leishmaniasis, and African trypanosomiasis

(sleeping sickness), as lacking effective control measures. Currently,

dengue lacks specific treatment options, whereas therapy for leishma-

niasis and African trypanosomiasis relies largely on, respectively,

antiquated antimony and arsenic based drugs.

Dengue virus is spread by mosquitoes and causes an acute febrile

illness characterized by headaches, severe musculoskeletal pain, and

rash145. About 2– 5 billion people live in areas where dengue is

endemic with an estimated 100 million cases of dengue fever annually.

The more severe manifestation of disease, dengue hemorrhagic

feverydengue hemorrhagic shock (DHF), presents hypotension and

hemorrhage146. Approximately 500,000 cases of DHF occur annually

worldwide. Case fatality rates vary from 3 –5% in some Asian countries

to 0.17% in the Americas147. Mosquito control is currently the most

effective measure for disease control, but efforts to develop vaccines are

underway145,148.

Leishmaniasis, a disease caused by a protozoan parasite spread by the

bite of a sand fly, is endemic in areas of the tropics, subtropics, and

southern Europe, and was responsible for killing 51,000 people in 2001.

Several clinical syndromes, including visceral, mucocutaneous, and
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cutaneous leishmaniasis, are caused by different species of Leishmania.

Most of the estimated 500,000 annual cases of visceral leishmaniasis

occur in poorer rural and suburban areas of Bangladesh, Brazil, India,

Nepal, and Sudan149. Control efforts are focused on vector control and

by eliminating animal reservoirs of disease, such as stray dogs150.

The final decade of the 20th century witnessed an alarming resur-

gence of human African trypanosomiasis, or sleeping sickness, caused

by the tsetse fly borne protozoan parasite, Trypanosomiasis brucei.

Without treatment of meningoencephalitis, relentless progression of

CNS deterioration results in coma and death. In 1998, 300,000 new

cases of disease, limited to sub-Saharan Africa, were reported to the

WHO151. Approximately 50,000 deaths per year are attributed to

African trypanosomiasis, trailing only malaria in mortality due to

parasitic diseases in sub-Saharan Africa. Control efforts are focused

mainly on vector (tsetse fly) control152.

Future challenges

In contrast to the optimism of 50 years ago, there are currently no public

health leaders suggesting that it is time to ‘‘close the book’’ on

infectious diseases. Instead, there has been a forced recognition of

emerging and re-emerging infections, a realization that disease can

quickly spread internationally, and a growing understanding of the

significant burden of disease in the developing world, including the

hidden economic costs of infection. Furthermore, it is clear that similar

to HIV, emerging or rapidly spreading diseases will likely have a

disproportionate effect on the developing world. For instance, projec-

tions are that an influenza pandemic similar to the 1918 pandemic

would result in 62 million deaths, 96% of which would occur in the

developing world153. Based on these realizations, future planning has to

be directed at preventing potential pandemic spread of emerging

diseases and on directed interventions against current burdensome

diseases. The most appropriate strategy for achieving these goals is

the development of novel surveillance networks designed for either

detecting new patterns of disease, such as the emergence or spread of a

new diseases154– 156, or for clarifying appropriate intervention targets,

such as the use of rotavirus vaccine in areas with significant disease

burden157. Further cooperation among governments and non-govern-

mental organizations for the development of these surveillance

networks and for novel intervention strategies is key for easing the

burden of infectious diseases on both the developed and the developing

world.
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