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I. Introduction and motivation of the report
The crisis of public health in the poor countries

A massive public hedth crissin many of the world' s poorest countries poses one
of the great chalenges facing the world today. The huge toll of disease and premature
desth, much of which is readily preventable with existing technologies, causes untold
humean suffering and throws huge obstaclesin the path of long-term economic
development. Poor health depresses economic well-being through severd direct and
indirect channels, including: lower productivity of workers; disruptions of households,
enterprises, and communities, destabilization of government budgets; decreased
household and enterprise saving and investment; adverse effects on cognitive
development and schooling; high fertility rates to compensate for high infant and child
mortality rates, with adverse consequences on population Size, age structure, and growth
rates, and lower investments per child in health and educetion.

The public hedlth crisis has worsened dramaticaly in recent years as aresult of
the HIV/AIDS pandemic. Traditiona killer diseases such as mdaria, tuberculoss (TB),
diarrhea, and respiratory infection, have aso surged in many areas and continue to take
millions of lives per year in the poorest countries. Hundreds of millions of people have
little or no accessto medicdl care. Life expectancy a birth (LEB) in Sub-Saharan Africa
isonly 50 years, in stark contrast to the 78 years LEB of the high-income countries
(World Bank, WDR, 2000). In many of the poorest countries, life expectancy has
plummeted in recent years (for example fadling in Zambia from 50 yearsin 1980 to just
43 yearsin 1998). Experts at the WHO have recently incorporated disability into
esimates of life expectancy, by trandating each year of disability, depending on its
severity, into afraction of ayear of logt life. The resulting concept, termed the disability-
adjusted life expectancy (DALE), shows the number of disability-free life years expected
at birth. The gap between rich and poor in terms of DALES s even starker than the gap
in the conventiond LEBs. In some countriesin Africa, the disability-free life expectancy
isashocking 35 yearsor less. Zambia s DALE stands at 30.3 years, Maawi’s at 29.4
years. In those countries, the very struggle for surviva itself aosorbs the human energies
that should otherwise go to enjoyment of life and improvement of economic progpectsin
the future.
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Leadersin both the developed and devel oping countries have underestimated the
enormity of the public hedlth criss. Pagt globa commitments to “Hedth for All by the
Y ear 2000,” famoudy inaugurated at the World Health Assembly of 1977 and reaffirmed
ayear later in the Alma Ata Declaration of 1978, have not been fulfilled. Donor
governments and multilaterd indtitutions put too much stress on macroeconomic reforms
in the poor countries while putting too little effort and financia resourcesinto fighting
the growth hedlth criss. Macroeconomic policy reforms, such astrade liberaization and
currency convertibility, while important for the poor countries, did not by themsalves
produce sustained economic growth in societies heavily burdened by disease. The
converseisaso true: socid investmentsin hedlth and education did not produce
sustained economic growth when the macroeconomic framework was inappropriate. 2
Investmentsin hedlth and policies to promote economic growth must go hand in hand.

Table 1 shows the economic growth rates of developing countries after 1965,
categorized according to income levels and infant mortdity ratesin that year. Growth is
measured as the annua average change of gross nationa product (GNP) per person.

Table 1. Growth Rate of Per Capita lncome, 1965 — 1994 (for given income and infant
mortality rate, 1965)
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Note: The reported growth rate is the smple average of the GDP growth rates of all
countries in the specific cdl.

2 Animportant case in point, discussed later in the report, isthe Indian state of Kerala. This state, for
geographical, historical, political, and social reasons made remarkable advancesin public health and

education despite alow level of income. However, the macroeconomic environment — weak infrastructure,
government monopolization of key sectors, restrictions on private trade and investment — meant that the
social advances could not translate into rapid economic growth. One outlet has been very high levels of
emigration from Keralato the Middle East, Europe and the United States, as Kerala' s healthy and well-
educated populace has found employment outside of India.



Thisisnot acoincidence. Poor health is a direct and important contributor to poor
economic performance. FOr every income range in 1965, countries with alow infant
mortality rate in 1965 experienced higher growth during 1965-95 than did countries with
ahigh infant mortadity rate (with only one reversd in the whole table).

Thetragic neglect of the public hedth crigs of the poor countriesis especidly
ironic in the midgt of the revolutionsin hedth and information technology.  In many
cases highly effective and rdlaively inexpengve technologies already exist to address
magor killer diseases, yet such effective goproaches are dramaticaly underutilized. In
other cases, new and improved technol ogies are within the reach of modern science, but
are not being devel oped with the speed and urgency thet is required, in part because
market incentives for R& D are inherently wesk in the case of diseases that mainly afflict
poor people, such as mdaria, HIV/AIDs, and TB. New incentive schemes will be needed
to develop new anti-maarid drugs, or vaccines for vird sub-types of HIV/AIDS that are
prevaent in developing countries, or new TB treatments with a shorter treatment course
with eesier compliance

Despite adecade of increasingly urgent pleas by the world's public hedth
community for action againgt the HIVV/AIDS pandemic, and againgt other killer diseases
such as mdaria and tuberculog's, the actud mohilization of financid and politica
resources to address the public health crisis of the poor countries has so far not been
achieved. In partsof Sub-Saharan Africaand South Asia, the budgetary expenditures per
person on health are around $4 per person per year, compared with more than $1,000 per
year (and often much more) in the rich countries. The meager sums include both
domestic resource mobilization and dl internationa donor assstance to Minigtries of
Hedlth to undertake their work. We estimate that international donor assistance to the
low-income countries for basic hedth, including infectious disease control and programs
to combat HIV/AIDS has been much less than $1.00 per person per year in those
countries.

The Context of Globalization

At the opening of the 21% century, the challenge of public hedlth must be
congdered in the context of globdization. Globdization has two basic and
interconnected meanings. On the one hand, it is the process of increasing economic
integration of nationa economies, characterized by the risng importance of internationa
trade, cross-border finance, and cross-border production systems. On the other side, it is
apolitica process, whereby nationa governments are increasingly binding their behavior
— in economics, environmental management, health andards, intellectua property
rights, and other areas — on the basis of internationa treeties under the umbrela of
internationd inditutions. The processes are obvioudy interlinked: economic integration
spurs the promulgation of internationd treety obligations, while international agreements
especidly in trade and finance, spur the economic integration of nationa economies.
Both processes, moreover, are promoted by the fundamenta advancesin
communications, information, and trangport technologies.



Globalization offers enormous — indeed unprecedented -- opportunities for poor
countries, but aso great risks. The opportunities come from the fact that poor countries
can increasingly benefit from cross-border inflows of technology and capitd from the
richer countries, and these inflows of technology and capita can spur rapid economic
development. Moreover, the chance to sdll products into an expanding world market can
be a great spur for economic growth. All of the development success stories of poor
countriesin the past 30 years (such as China, Korea, Tawan, Madaysa, Chile, Mauritius,
and Botswana) are characterized by export-led growth. Rapid increases of export
earnings were reinvested in these countries in improvements in health, education,
physica infrastructure, and new businesses.

Therisks of globalization are o red. Themain risk isthat many of theworld's
poorest countries might be left out of globa progress, because of their geographic
isolation, or heavy disease burden which frustrates economic development, or political
and socid ingability, or even the adverse effects of market forces. For example, since
people and capital can move more easily across nationa borders, a poor country may
suffer more from the outflow of its skilled professonds than it gains from the inflow of
capital and technology. The rich countries sSometimes encourage “brain drain” by giving
visa preferences to the skilled workers of the poor countries, while blocking immigration
of unskilled workers. It is estimated that around haf of each graduating class of medica
dudentsin Ghana, for example, now emigrates dmost immediately to higher-paying jobs
in Europe, the Middle Eagt, and the United States.

The risks of technologica stagnation in the poor countries coupled with brain
drain to the rich countries may be magnified by key features of globa research and
development (R&D). Theimbaancein R&D between rich and poor countriesis even
larger than theimbadancein income. Economist’s describe R& D as an “increasing
returns to scde activity,” in which past technologica successes are the breeding ground
of new breskthroughs. For that reason, the technologicaly advanced regions are able to
innovate much more rapidly than the poor regions. And if the poor countries face
problems that require technologies different from those used in rich countries — for
example, technologies to fight malariarather than cardiovascular disease — then the rapid
innovation in the rich countries might not be so helpful, by itsdf, for the world's poor.
Specia approaches will be needed to “steer” globa science to address the hedlth
problems of poor people in poor countries,

Globdization can dso entail risks for therich countriesaswell. Crissin poor
countries more easly spill over to rich countries through illegal immigration,
internationa crimina networks, illicit drug trafficking, and of course the easier spread of
pathogens because of increased internationd travel. Just asthe great epidemics of the
past were often carried by internationa traders, now the pathways of HIV/AIDS, multi-
drug-resstant TB, antibiotic-res stance bacteria, West Nile Virus, and other emerging
diseases are frequently spurred by internationa trade and tourism or the misuse of
antibiotics and other pharmaceuticas, leading to the cross-border spread of drug-resistant

pathogens.



Globdlization therefore calls for adeep re-thinking of economic dtrategies at the
national and internationd levels. The poor countries will have to proceed, broadly
gpesking, on two fronts. On the one hand, they will have to re-double their effortsto
improve their own public hedlth and educational standards, lest they lose their small
cohort of skilled labor to internationa migration. Second, they will have to find new
gpproaches to economic growth, focusing heavily on ways to attract foreign investment
and to penetrate new export markets. The developing countries that have succeeded in
atracting large-scale foreign investment in the past decade are aso the developing
countries that have had most success in the new globa economy.

At the internationd level, we will have to re-think international assstance
drategies as well asways that internationa treeties are negotiated. The poorest countries
will need greetly increased foreign assistance to address their health and education crises
if they are not to be left further and further behind in the globa economy. For apoor
country to get on the path of increasing inward investment and technologica
advancement — rather than on the path of brain drain and collapse — it will haveto have a
minimaly acceptable socid and business environment. Thisincludes adequate hedth
and education, as well as capacity to introduce new technologies. Aswe shdl stress,
most poor countries will be unable to achieve such conditions without substantial
internationd financia assstance from the rich countries.

Internationd tregties will also have to take into account the new risks and
opportunities of agloba economy. For example, when the new globa system of
intellectudl property rights was ingtituted in the Uruguay Round trade negotiations, too
little congderation was given to the interests of very poor countries that would be hurt by
the extenson of patents over essential medicines. There are severd areas other areas
whereinternationd agreements must explicitly protect the rights of the poorest countries.
Globa leaders have increasingly recognized that globalization requires new internationd
systems for managing the cross-border flows of pathogens, cross-border risksto hedth
from environmentd ills, and cross-border risks from ingppropriate use of antibiotics.

Fortunately, the worlds |leaders are focusing anew on the hedth crisis of
developing countries, and on the need to mobilize greater financia and human resources
to combat the crigs. In April 2000, 19 heads of state of African nations met in Abuja,
Nigeria, to dedicate themsdaves to a new and urgent battle to control maaria. They not
only pledged their own countries resources, but also issued an urgent pleato the world
community to support the effort through deep debt relief and at least $1 billion of new
funds for maariacontrol effortsin Africa Three monthslater, at the Okinawa Summit in
June 2000, the leaders of the G-8 countries stated that:

Hedth iskey to prosperity. Good hedlth congtributes directly to economic
growth whilst poor health drives poverty. Inrfectious and parasitic diseases, most
notably HIV/AIDS, TB and mdaria, aswdl as childhood diseases and common
infections, threaten to reverse decades of development and to rob an entire
generation of hope for a better future. Only through sustained action and coherent



internationa co-operation to fully mobilize new and existing medicd, technica
and financia resources, can we strengthen hedth delivery sysems and reach
beyond traditional approaches to break the vicious cycle of disease and poverty.

Still more sgnificantly, the 150 world leeders assembled a the Millennium
Assembly of the United Nations included the following gods in the United Nations
Millennium Declaration:

To have, by the year 2015, the proportion of the world’s people whose incomeis
less than one dollar a day and the proportion of people who suffer from hunger;
and a0, by the same date, to halve the proportion of people who are unable to
reach, or to afford, safe drinking water.

To ensure, that by the same date, children everywhere, boys and girls dike, will
be able to complete afull course of primary schooling; and that girls and boys
will have equal accessto dl levels of education.

By the same date, to have reduced maternal mortdity by three quarters, and
under-5 child mortality by two thirds, of their current rates.

To have, by then, hated, and begun to reverse, the spread of HIV/AIDS, the
scourge of malaria, and other mgjor diseases that afflict humanity.

To provide special assistance to children orphaned by HIV/AIDS.

By 2020, to have achieved a significant improvement in the lives of & least 100
million dum dwellers as proposed in the “ Cities Without Sums’ initigtive.

An Interim Report

ThisInterim Report of the Commission on Macroeconomics and Health
(CMH) of the World Hedlth Organization amsto asss the internationa community in
preparing a bold but redistic framework for a magjor attack on the diseases that now block
economic and socid development in many of the world' s poorest countries. Thefind
report of the Commission will be presented in December 2001. In thisinterim report, we
present the growing body of evidence that poor headth indeed serioudy hinders economic
development, and then show that effective technologies exist to reduce the disease
burden, but that such technologies are not being applied on an adequate scae because of
alack of paliticd focusin the world community and alack of adequate financid
resources. Both the poor countries themselves and especialy the rich countries will have
to mobilize greater financid and politica resourcesto back thiseffort.  Heath must
become a centra focus of atention of the political and financid leadership of rich and
poor countries -- of Presidents, Prime Ministers and Finance Minigters, in addition to the
the vdiant but oft- beleaguered Minigters of Hedlth.



The report proceeds in four main sections following the introduction.  Section 11
discusses the manifold linkages of hedlth and devel opment, and especidly the ways that
improvementsin heglth can contribute to economic growth and economic devel opment
more broadly. This section makes clear that the linkages of hedth and development work
in two directions. hedth affects economic devel opment, while economic development
affects hedth. Thistwo-way causdity can creste avicious circle in which poor hedth
and poverty chase each other in amutudly reinforcing manner, and can dso make
possible avirtuous circle in which improvementsin hedth and economic growth are
mutudly reinforcing. Development policies, within poor countries and through
internationa cooperation, should ensure that countries are on the virtuous circle of
upward development and improving health.

Section 111 discusses the priorities for hedlth interventionsin the poor countries,
gressing that alimited number of diseases contribute the vast mgority of the excess
disease burdens of the poor countries. We focus our attention on 10 mgjor disease
categories, which account for the preponderance of the excess disease burden faced by
the poorest countries compared with the high-income countries. These are;

Mdaria

HIV/AIDS

Tuberculoss

Acute Respiratory infections

Diarrhed diseases

Vaccine-preventable illnesses
Reproductive Hedth

Tropicd paradtes and hdminthic infections
Nutritiond deficiencies

Tobacco-rdated illnesses

In each case, exiging technologies, if properly gpplied and utilized within the poor
countries, offer highly cost effective and technologicaly effective means of prevention or
treatment. In most cases, as well, increased R& D efforts hold promise for even more
effective interventions in the future, this being especialy the case because R& D has been
50 limited to date, so that many promising approaches have till not been explored.

Section IV discusses delivery options, in particular how anew internationa
campaign againg these killer diseases can most effectively be organized and sustained,
both within countries and regions, and on theinternationd leve. In the case of each
magjor disease category, and taking account of the interactions of the various diseases,
interventions are necessarily complex, cutting acrass many different actors with many
distinct respongbilities. Proper coordination and management of these effortsis
therefore a high priority, asisthe steadfast commitment to good science and evidence-
based design of intervention programs. An ideologicd or a priori adherence to one
approach or another will smply not work in the complex environment of disease control
that now challenges the developing world.  Any and al gpproaches will have to be



continualy monitored, tested against the evidence and againgt preconceptions, and
updated in a serious and science-based manner.

We ds0 dress that effective public hedth interventions mugt give attention to
three broad categories of action: prevention, trestment, and research and development for
the future. For each of the diseases that we will discuss, no single approach — rdying just
on prevention, or just on treatment, for example — can be successful. And dl efforts will
benefit enormoudy from improved scientific understanding and new technologica
approaches. Operationd research on intervention strategies, and more basic research on
new technologica approaches, must be a core part of effective interventions.

Section V discusses how the globa campaign to improve public hedth in the
poorest countries can be financed. Each region will have to do more on its own, but the
financid means within the developing countries will not be sufficient to ensure success.
Successful public hedth interventions require subgtantia financia support, and this can
be even more true in poor countries than rich countries because of the need for specia
interventions that are often unnecessary in rich-country settings. We estimate thet even if
poor countries can raise their public hedth spending to as much as 5 percent of GDP,
vadtly more than is now being spent in many countries, such aleve of outlays would be
insufficient to meet the basic hedlth needs of the population. Subgtantia donor assstance
will be required. Since the profound economic and disease challenges facing the poorest
countrieswill be overcome only gradudly, we believe that large- scde donor commitment
and financid assistance will be required over the course of a generation, though
economic progress and fundamenta improvements in hedth will eventudly dlow the
poor countries to achieve sustained growth and favorable health outcomes largely out of
their own resources in the future.

IL. Public Health and Economic Development
A. The Value of Good Health

Poor hedlth takes an enormous toll on human well being, and the economic “price
tag” for societiesis enormous, much greater than is typicaly suspected. There are two
partsto that pricetag. Thefirg isthe pain, suffering, and lost years of life caused by
disease. These have an economic price tag — indeed a huge one — in the sense that
households are willing to pay a consderable proportion of their income to avoid disease
and to diminish therisks of early degth. This “willingness to pay” may be used asthe
economic benchmark for vauing the pain and suffering associated with disesse,
disability, and premature desth. The second part of the price tag is more directly
economic: the losses of income, both direct and indirect, incurred as the result of illness,
both by the individuals facing episodes of disease or early degth, as well as by the
broader community through various “spillover” effects. Later generations dso pay a
heavy price for the burden of disease today, for reasons that we will explain.



Using epidemiologicd evidence and the support of economic theory, we can
make estimates of the overall economic costs to society of particular diseases, or groups
of diseases. It is convenient to divide these costs into the following categories. costs
borne directly by households incurring disease; costs borne indirectly by the community;
and cogts borne indirectly by future generations.

A. Costs borne directly by households include:

Reduced labor hours due to illness of workers

Reduced labor productivity while at work

Reduced labor hours due to illness of children in the household

Economic vaue of pain and suffering caused by episodes of illness
Economic value of reduced life expectancy caused by premature mortaity
Household expenditures for disease prevention (e.g. anti-maaria bednets)
Household expenditures for medical treatment

Excessinvesmentsin childrearing due to infant and child mortality
Reduced scholatic, cognitive and physical development of children dueto
episodes of childhood disease
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B. Cods borneindirectly by the community include:

1. Disruptionsto overdl enterprise production due to worker illness

2. Lost economic opportunities (e.g. reduced tourism and foreign investment) due to
disease burden in the community

3. Socid disorganization due to prevaence of orphansin case of high adult mortaity

4. Macroeconomic destabilization caused by high public expenditures on hedth

5. Increased incidence of extreme poverty, with adverse spillovers to the community

C. Costsborne by future generationsinclude:

1. Lower future incomes due to reduced economic growth

2. Morergpid population growth due to high fertility rates (compensating for high
mortdity rates), with consequences for environmenta degradation and other
agpects of economic wellbeing

Economic theory suggests ways to add up these costs, and to balance them against
the cogts of hedlth interventions to reduce the burden of disease. While such calculations
are necessaxily highly imprecise, they do suggest that the burden of disease in poor
countriesis vastly greater than istypicaly believed. Thisis especidly true Snce a heavy
disease burden contributes to reduced economic growth, thereby reducing average
incomes of future generations.

Current gpproaches in the health economics literature tend to estimate only a
amadll fraction of the overdl economic cogts of disease, giving an gross underestimate of
the societal burden of disease. For example, typica burden of disease studies ook only
at thedirect costs of disease to households incurring the disease (category A), and within



that category mainly a items 1, 2, 3, 6, and 7. These studies generdly ignore pain and
suffering caused by disease (and households willingnessto pay to avoid that pain and
suffering), the willingness to pay for increased longevity, the consequences on childhood
development of repeated bouts of disease, and the excess investments that parents must
make in childrearing when there are high rates of childhood mortdlity.

Very few studies even attempt to estimate societal consequences beyond those of
the households incurring the disease. For example, it is clear that endemic diseases such
as mdariaor other tropica parasites can render a given area unsuitable for habitation, or
for agricultura production, or for tourism. Y et such cogts are not included in typica
disease burden studies, since such costs are not from episodes of illness itsdlf, but from
the effects of illness on potentid economic investments. Similarly, the cossto
enterprises of high worker absenteeism, lost morae, and disruptions of production due to
the loss of workers with key enterprise-specific knowledge — dl serious problems of the
HIV/AIDS epidemic in Africa— are not captured by typicd sudiesthat focus only on the
lost wages of sick workers.

Even fewer sudiestry to assess the third, and maybe largest category of disease
burden, the consequences of disease burden on long-term economic growth. Today’s
disease burden causes not just economic loss today, but also reduced incomes of future
generations, by adversdly affecting the dynamics of saving, schooling, cognitive
development, fertility, population Size and age structure, foreign investment and trade,
and other processes which affect long-term economic growth.

A popular and extremely useful measure of disease burden is the disability-
adjusted life years (DALYS) lost dueto disease. The DALY, by itsdf, isnot an
economic concept. In rough terms, the DALY s measure the years of premature mortdity
due to adisease, plusthe effective number of years lost due to disabilities, where living
one year with adisability is messured aslosing afraction of one year of life, with the
fraction depending on these seriousness of the disability. There are many judgments that
must be made in calculating DALY's, for example in comparing the burden of disease a
various ages, and the burden of disability versus premature mortality. Nonetheless,
DALY s offer the best short-hand measure for comparing different diseases in terms of
the toll of each disease on mortdity and morbidity (including disability).

In some studies, DALY s are turned into an economic measure, by assuming that
each DALY isworth some multiple of average per capitaincome. The notion isthat such
amultiple can include not only the lost incomes of households, but dso the cogts of
medica expenditures and the costs of pain and suffering factored in to the caculation.

For thisreason, each logt life year is sometimes valued & two times the average per

capita income. This gpproach of multiplying DALY s by some multiple of dollars per
capitais probably agood starting point for measuring the direct costs of illness and

premature mortality to households incurring disease. Notice, however, that DALY sfocus

on episodes of disease, not on the overall economic consequences of disease (such as the
costs to future economic growth). Strictly speaking then, it is not possible to move from
DALY sto the economic costs of disease. Nor isit right, strictly spesking, to judge the
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priorities for heath intervention according to the DALY s per dollar saved, if the DALY's
do not include important parts of the economic return to investmentsin hedth.

An dternative approach, used recently in some studies of U.S. hedth care, assgns
adollar vaue to an added year of life expectancy according to market evidence on the
willingness of households to pay for reduced risk of mortdity. The result is summarized
ina“datigica vaue of alifeyear,” which typicdly isfar higher than one year’ s average
income per person. This measure, however, like the DALY, fails to address the question
of how today’s burden of disease may affect future generations or even contemporaneous
citizens not directly hit by disease.

B. Some Evidence on the Direct Economic Costs of Disease

Even if we focus on the very narrowest part of the disease burden — the logt time
incurred from bouts of illness, plus the outlays directly incurred as a result of disease —
the costs of disease in the poorest countries are huge. Take the case of maaria, for
example. It isestimated that there are between 300 and 500 million clinical cases of
maariaper year in Africa, resulting in between 1 and 2 million deaths per year. A recent
study (Snow, 1998) has put the numbers towards the lower range, but various studies
have shown that successful malaria control reduces a huge amount of disease and deeth
that are attributed in medical records to other causes (such as diarrhea or respiratory
infection), so that the red burden of maaria may be much higher than direct estimates of
direct maaria-induced deaths and illness.

In any event, if we cdculate the most basic economic costs due to this heavy
disease burden — household expenditures to avoid maaria (such as bednets, or mosquito
coils), household expenditures to treat maaria, and lost household income due to
episodes of malaria— the cogts turn out to be extremdly high, at least in comparison with
meager incomes. In the holoendemic regions of Sub-Saharan Africa areasonable estimate
isthat malaria causes losses of these kinds on the order of 2 to 4 percent of GNP, with
logt incomes being the largest amount. In terms of DALY S, the 1998 burden of mdaria
in Sub- Saharan Africais estimated to be around 36.8 million DALYs. Usng the criterion
that eech DALY isworth twice the per capitaincome, and assuming a per capitaincome
in the maarious countries at around $300 dollars per capita, thiswould imply an annud
burden of $22 hillion, or around 7.4 percent of Sub-Saharan Africa s GNP of some $300
billion. (Of courseif each DALY isevauated at just one time per capita GNP, the
burden is halved, around 3.7 percent of GNP).

Aswe ve stressed, such estimates are likely to be only afraction of the tota
burden, even if we are just concerned with the economic costs faced by those directly
auffering from the disease. For example, these calculations do not include pain and
auffering, but surely 1-2 million liveslost per year (perhaps the deaths of 50 children per
1000 live births) imparts aferocious toll, with an economic vaue to be attached (whether
the willingness of households to pay to avoid such deeths, if effective control measures
were available, or the willingness of donors to make such investments in reduced degths).
There are dso0 questions about the valuation of premature mortdity in sudies that focus
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on the summeation of the costs of prevention, treetment, and lost work time. For example,
how should we vaue infant mortaity? If amother hasinvested 1,000s of hours of time

in nuturing araising a child, and then loses that child to maaria, those hours should be
vaued, but how? Moreover, these estimates rarely consider the long-term consequences
of repeated episodes of maaria on cognitive devel opment, schooling completion, adult
productivity in the workplace, etc. The measureisamost dways the wage times the lost
work time, without asking clearly whether the wage itsdlf has been reduced by the long-
term consequences of repeated bouts of the disease.

Of course, maariais just one part of the disease burden afflicting Sub-Saharan
Africa Similar cdculations for other mgor killer diseases such asHIV/AIDS, diarrhed
disease and other discussed below, would offer up large additiond direct costs, so that the
economic losses of the most basic sort (avoidance, trestment, and lost income) would
mount to severa percent of GDP, perhaps 15 percent or more in countries with ahigh
disease burden. The 1998 burden of communicable diseases, maternd and perinatal
conditions, and nutritiona deficiencies, is put a 273 million DALY's, or 0.44 DALY s per
person. This compares with 0.008 DALY s per person in the rich countries of North
America. Interms of per capitaincome, if we again assume that each DALY isworth
twice the per cgpitaincome, then the lossesin Africa due to disease is gpproximately 88
percent of GNP.

When the economic burden of disease on households is summarized as a percent
of annua income, this obscures the often-devadtating effect of disease on the lifetime
income of the household, and the effects on poverty within the society, a subject treated
at greater length below. Severd studies in the United States have shown that a severe
episode of disease can push a household into poverty for an extended period of time. The
gtuation in aready impoverished countries, with very low insurance coverage, is of
course much worse. A serious disease episode of an adult, especialy a mother, can have
devadtating effects on the well being of children within the household.  In study after
study, deeth of a mother dramatically raises the probability of death of her young
children. The economic dynamics can aso be crud, with a disease episode throwing the
family into penury and indebtedness from which it does not recover. Poor hedlth thereby
exacerbates poverty by much more than the effects on average income.

C. Indirect Costs of Disease: Current Generation

Standard cost-of-illness studies, or the dollar vauation of DALY's, or even the
expanded willingness-to- pay studies, assume that the burden of a disease isthe sum of
the burdens experienced by the individuas that suffer from the disease (or who risk
suffering from the disease, and are thus willing to pay to avoid that risk). But diseases
can cause burdens to the current generation that go beyond the costs to the sick
individuasthemsdves. A cdlassc caeismdaria Mdaria causes enormousiliness, with
high direct costs, but it aso imposes a huge indirect burden on society by reducing the
range of profitable industries. For example, many potentia tourist Sites are not
devel oped because the maaria burden would scare away the potentid clientele. Thus, a
tropica coastal areawith endemic maaria may experience chronic underdevel opment
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that goes far beyond the number of cases of the disease per year. In an extreme case, the
region might be abandoned atogether, in which case there would be no direct burden of
the disease, but an enormous indirect burden. Notice how hard it would be to measure
that indirect effect, since the calculation requires an economic model to ask the
counterfactua question: *How much would income and investment be raised if aregion
were free of maaia”

Throughout history, maarious regions have been cut off from tourism, foreign
investment, and internationa trade for just the reason that the risk of maaria has kept
potentia business away, but it is rather difficult to estimate exactly how large that cost
has been. There are essentidly two ways to take a shot at such acaculation. Oneway is
to compare the economic growth of malarious and non-maarious regions of the world,
holding congtant (or trying to hold constant) other variables that affect economic growth.
Galup and Sachs (2000) take that approach, and find that indeed mal arious regions grew
lessragpidly than non-malarious regions by something over one percentage point per year
during the period 1965-90. This cumulates to aloss of more than 20 percent in foregone
economic growth due to maaria, according to the regresson model, an estimate much
greater than the direct losses due to maaria described earlier (and the direct losses would
not necessarily produce logt growth of income if the losses were the same percent of GNP
in 1965 and 1990). We surmise that these results are capturing some of the indirect
losses due to the disease.

Itisvery likely that HIV/AIDS will impose enormous indirect costs as well to the
contemporaneous generation.  Within enterprises hard hit by the pandemic, the loss of
enterprise production is likely to go much beyond the direct losses of work time
multiplied by thewage. Worker morae suffers heavily in enterprises with large numbers
of dying workers. Even the healthy workers lose enormous time at funeras of
colleagues, and in helping to train replacement workers. Foreign investors will shun high
HIV/AIDS regions just as they shun highly malariousregions.  Families are under
tremendous strain in areas heavily impacted by HIV/AIDS, and thisis causng huge
socid disruptions that go far beyond the lost wages of ill workers or the direct medica
outlays.

D. Indirect Costs of Disease: Future Generations

Theillness of one generation is visited upon the children of that generdtion, “yea
down to the seventh generation” asthe bible might say. A high disease burden does
much more than impose terrible pain, suffering, and economic loss on the present. It dso
hinders the capacity of society to develop economicaly, thereby condemning the next
generation to areplay of poverty and an unresolved high burden of disease. In essence, a
high disease burden in apoor society can creste a poverty trap, in which both disease and
impoverished are reproduced from one generation to the next. Notice that dmost no
cost-of-illness study, or caculation of the monetary loss of DALY s even triesto get at
this intergenerationa consequence of high disease burden.
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The discrepancy between the direct costs of illness and the long-term
development costs are probably greatest with respect to childhood disease and mortality.
A cogt-of-illness gudy might give little or no weight to an infant desth, other then the
costs of medica trestment that were incurred. A somewhat more eaborate study might
include the totd lost parental investment of time and effort in the child, on the grounds
that the parents will incur those costs once again as they replace the lost child with
another. Y et the effects of high infant and childhood mortdity (and heavy morbidity) are
likely to be much more severe than this, changing the very strategy of households with
regard to fertility and investments in the hedlth and education of their children, with
highly adverse consequences for long-term devel opment.

Condder the stuation of avery poor household in arurd areafacing ahigh rate
of infant and child mortaity. Such households tend to have lots of children, to ensure
that at least some survive to the old age of the parents, a proposition known in
demography asthe child surviva hypothess. A scatter plot of infant mortaity (on the
horizontal access) and totd fertility rates (vertica access) for 150 countriesin 1995
shows this gtriking relationship. (The x-axisis the infant mortdity rate, per 1000 live
births; the y-axisisthe totd fertility rate).

coef = .04065342, se = .00184397, t = 22.05
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Of course infant (and child) mortality is just one determinant of fertility rates, dongsde
other determinants, such as mother’ s education, mother’ s opportunity costs of timein
child rearing (e.g. market-wage opportunities), and the child's contribution to household
production (likely to be higher in rurd than urban areas).
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High fertility, in turn, forces a“ quantity-quality tradeoff,” in which more children
per couple is accompanied by lower parental investment in each child, especidly in terms
of the time and income devoted to the child's hedth and education. In poor familieswith
many children, perhgps only one out of five or six children will be able to complete
secondary school; others will be forced to enter the labor force a a very young age, or to
work full time in home production, or to marry young before they are able to complete
their schooling.  In poor families with large numbers of children frequently only the sons
are provided with forma hedlth care, and nutrition may be rationed in favor of sonsas
wdl. The qudity-quantity tradeoff is partly a matter of budget congtraints (Snce thereis
limited time and income available for child rearing, so fewer resources are devoted to
each child when the family islarge), and partly amatter of investment planning, since
parents will tend to invest lesstime and income in achild when it faces a higher risk of
premature mortdity or of life-disabling disease.

The consequences of disease burden go beyond lower levels of investment per
child. The*child surviva hypothesis’ has the implication that high fertility tendsto
overcompensate for high mortdity, leading to rapid population growth. If risk-averse
parents want to have at least one surviving son into their old age, it is not enough to have
enough sons so that one survives on average. 1t is generdly necessary to have severd
s0Ns S0 that at least one survives with high probability. The result isthat on average
more than one son survives, and the overdl population grows. The positive corrdation
between infant mortaity and overdl population growth is shown in the next figure, for
150 countries. (The x-axisisthe IN(IMR, 1995), and the y-axisis the population growth
rate for the year 1998). Population growth is much higher in the high IMR countries.

coef = .85216147, se = .06278833, t = 13.57
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It isuseful to illudtrate the link between high mortdity rates and high population
growth usng asmple numericd example. The technicd gppendix to this interim report
provides further theoretica details and numerica caculations. Suppose here, for
purposes of illustration, that each household wants to ensure asurviva rate of at least one
son with alikelihood of at least 95 percent.® Suppose further (just to keep things Smple)
that households must settle on the number of children before they observe the surviva or
mortality of each child* Further, if they care just about surviving sons, they will choose
to continue to concelve until they reach atarget number of sons consistent with the
required high probability of the surviva of & least one of them.

If the mortality rateislessthan 5 percent (50 per 1000 live births), then a
household will plan to stop having children after one son isborn. The son will have a 95
percent likelihood of surviving. On average the household will have two children, one
son and one daughter, resulting in atota fertility rate of 2> If instead the mortality rate
iS 10 percent (100 per 1000 live births), having one son will give asurviva probability of
just 90 percent, not high enough for the risk-averse household that wants a 95 percent
likelihood. The household will choose to stop after having two sons, or on average four
children in totd, that is, atotd fertility rate of 4.° The ramifications for population
growth are tremendous. In thefirst case, with a 5-percent mortality rate, and with atotal
fertility rate of 2, population growth will tend to be dightly negative. Parents are not
replacing themsdves on average, since fewer than two children on average will surviveto
adulthood to replace the two parents. In the second case, with amortdlity rate of 10
percent, and atotal fertility rate of 4, population growth will be extremely fast, nearly
doubling every generation.

Not only will the population grow very rgpidly, but the population age structure
will be heavily skewed towards young ages, since each parenta couple will have four
children on average.  Thiswill weigh directly on nationd income per capita, for the
smple reason that only (adult-age) workers produce measured GNP, while GNP per
capitais measured by dividing output by the entire population. The lower istheratio of

3 Informal economic analysis, asin the technical appendix to this report, such a household goal would
emerge from amaximization of expected utility of the household.

* We make this assumption just to keep things simple. Otherwise, households have a sequential decision
problem, where the decision to continue having children depends on the survival or mortality of the
preceding children. If mortality risk iscompletely in thefirst year, for example, then households would
follow asimple strategy. They would have children till ason survivesto age 1, and then stop. When the
risk of mortality continues throughout childhood, then behavior will be more like in the text, where a
number of children are conceived first, before observing the eventual survival or mortality of each child.
The latter case will require more children on average, as part of the “insurance policy” that at least one son
will survive.

® Note, of course, that one half of households will have exactly one son, and no daughters; one fourth will
have one daughter followed by one son; one eighthwill have two daughters, followed by one son; and so
forth. The expected number of children, E(n), isgiven by theformula: E(n) = s (1/2)" n, which equals 2.

6 With amortality rate of 90 out of 1000, one son would have a survival probability of 0.9. The probability
of at least one surviving son if two are bornis 1 — (0.1)? , which equals 0.99. If a household continues to
have sons until 2 are born, the expected number of children is given by the formula:

E(n)= s nx(n-1) x (/2" =4.

16



workers to total population, the lower is GNP per capitafor any given level of GNP per
worker. 1n essence, when parents have more mouths to feed, the average consumption
per person within the household isreduced.  The next figure shows the striking cross-
country correlation between infant mortality rates (where the In(IMR) is shown dong the

x-axis) and the youth dependency ratio (youth under 15 as a proportion of the total
population).
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The fact that households have such high fertility ratesis dso likely to contribute
to sharp gender differentiation, with further adverse consequences for long-term
development. In societies with very high TFRs, women spend most of their young adult
lives having and raising children, rather than participating in the forma |abor force. The
woman'srole is defined around childrearing and home production. If each parental
generation anticipates such arole for their own daughtersin the next generation, they will
be lessinclined to invest in their daughters education (and hedlth), since the returnsto
such investment accrue mainly to participants in the labor market.

Rapid population growth will have especidly adverse effects on economic well
being when fixed resources — such as arable land or forests available for firewood — loom
large in the production process. In poor rurd societies with a high proportion of the
population in agriculture, rapid population growth contributes to massive environmenta
destruction, including deforestation, soil erosion, destruction of biodiversity, and
depletion of underground water aquifers. This environmenta destruction is exacerbated
by the failure of most societies to protect these scarce resources through appropriate
incentive systems. Moreover, as each generation of farm family bequeaths asmdler land
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plot to their children, the viahility of the peasant household as a sdlf- sustaining economic
entity isundercut. Much of the massve migration of people from rurd to urban areasin
the poorest countries results not from new economic opportunities in the urban setting,
but from the desperate escape from increasingly over-populated rurd areas.

We may summarize by noting thet high infant and child mortdity rates will tend
to do severa things to household decisons regarding fertility and investmentsin ther
children, dl adverse from the point of view of economic development. Firdt, fertility
rateswill be high to compensate for high mortality rates, and with more children, there
will be lessinvestment per child in human capital formation.” Gender biases against
investmentsin girls health and education will be accentuated (or sustained) by the high
fertility rates. Second, population growth rates will be high, as will the dependency rates.
High dependency raios will imply alower GNP per person as the ratio of workersto
total population isreduced. Third, rapid population growth may create intense pressures
on fixed resources, particular environmental resources such as forests, soils, biodiversty,
and fresh water that are often not priced or under-priced.

We have s0 far described the effects of poor hedlth with regard to the effects on
parenta investmentsin children. In addition to these behavioral forces, childhood
disease can impair long-term physical and cognitive development, school atainment, and
even risks of morbidity and mortaity in adulthood, through severd physiologica
channels. Childhood stunting (low height for age), caused for example by repesated bouts
of childhood infectious disease, has been associated with lower cognitive atainment and
poor school attendance and completion rates. Repeated bouts of maaria can lead to
chronic anemia, with highly adverse sequelae on cognitive development (as well as other
physical conditions). And of course, micronutrient deficienciesin poor diets can have
Smilar consequences.

Poor hedth status will adversdly affect the accumulation of human capital beyond
childhood. When faced with high rates of adult mortdity and morbidity, for example,
workers may reject on-the-job training or kill upgrading, Snce these activities generdly
involve atradeoff of lower wages today for higher wages over along future horizon. As
the length of the future horizon shrinks (because of expected premature mortality or
expected increased morbidity that reduces the likely period of time in the labor force), the
incentives for human capitd accumulation are therefore diminished. Diseases that
impose a high burden of adult mortality and morbidity, such asHIV/AIDS, arelikdy to
discourage investments in human capitd at adult ages, for example in tertiary education
and onrthe-job training.  Also, to the extent that experience itself raises productivity
(through “learning by doing” on the job), ashorter life span of adutswill lower the

" Note that infant and child mortality rates are just one of many factors that contribute to fertility choices.
The mother’ s education surely has an independent effect (partly by determining the value of the mother’s
timein the labor market, and therefore the mother’ s opportunity cost in having children). Fertility islikely
to be higher in rural than urban areas, becausein rural areas children are likely to be net economic
providersto the household from a young age (working around the farm, or collecting water and firewood),
whilein urban areas children are likely to be net drains on the household budget (as they are much more
likely to be attending school). Accessto family counseling, or contraceptives, may be additional factors.
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average leve of experience of the workforce, and thereby the average leve of
productivity.

Note aso that adult morbidity and mortality are likely to have large and direct
adverse effects on the hedlth and education of children within the household. Many
gudies have shown that infant and child mortdity within a household tends to soar after
the death of a parent, especialy amother. A considerable amount of human capita
accumulation in children takes place within the household rather than at school, as
parents teach skillsto their children. The sickness or degth of a parent can therefore have
devadtating effects on that inter-generationd transmisson of knowledge. And of course
adult morbidity and mortality often throws a household into financid crigs, forcing
children to leave school in order to help replace the lost income or home production
caused by the loss of a parent.

What has been said about human capitd accumulation generdly applies for
physical capitd accumulation aswell. The accumulation of physical capitd depends on
the saving rate of the economy. A heavy burden of diseaseislikely to reduce household
saving, not only in absolute amounts and as a percent of household income. Thisis
because rate of saving (measured as a percent of household income) is generdly arisng
function of income among very poor households. (That is, a household at $300 per year
per person might manage to save 5 percent of income, or $15, per year, whilea
household at $600 per year might manage to save 10 percent of income per year, or $60
per year). Also, households will tend to invest lessfor retirement yearsif they expect a
shorter life pan (though they might concelvably invest more in anticipation of higher
hedlth care costsin old age).

A heavy disease burden is dso likely to have adverse indirect effects on the rate
of technological advance in the economy. The most important reason is that
technologica advance depends crucidly on the level of education and skills of the [abor
force. Both home-grown innovation and technologica adoption from abroad depend on a
skilled cadre of scientists and engineers. But in a high-disease environment, as we' ve
noted, the level of human capital accumulation islikely to be much lower than low-
disease environment, so that the ample supply of engineers and scientists needed for
technologica progress may well be absent.  Another reason why technologica advance
islikely to be hindered by the disease burden is that much of technologicd advancein
poor countries comes through foreign direct invessments (FDI) of high-tech firms based
in the rich economies. To the extent that a high disease environment hinders foreign
direct investment, the process of technologicd diffusion through FDI will be frustrated.

E. Poor health and the poverty trap

While hedth affects the level and growth of GNP per capita, for the reasons
we ve seen, theincome leve of the economy aso obvioudy helps to determine the hedlth
of the community. Thisadds anew complexity. A poor society may get caught in a
poverty trap, in which poor heglth contributes to the stagnation or decline of GNP per
capita, and stagnant or falling GNP leads to continued poor hedlth. This may be
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contrasted with avirtuous circle in which risng income per capita helps to boost the leve
of hedth, which in turn contributes to faster economic growth. It isthe task of economic
theory to describe circumstances in which an economy islikely to get stuck in the
poverty trap, or dternaively enjoy the benefits of a virtuous circle of risng income and
improving public hedth.

Consider the following scenario, built on our earlier example. Households choose
the number of children in order to ensure the high probability of asurviving har. Ina
hedthy environment, one child will suffice. In an environment of high disease burden
(e.g. holoendemic maaria), many children will be desired. The amount of parenta
investment per child depends negatively on the number of children. When thereis only
one child, thereisahigh leve of parentd invesment in the child, and the child ends up
with more human capitad than the parents. When there are many children, however,
parenta investment is spread among them, and each ends up with the minimum leve of
human capitd. In the former case, there will be economic growth across generations,
whilein the later case, there will be apoverty trap.

Now suppose that a one-time massve invesment in public hedth infrastructure
could bring the disease burden under control, which in turn would reduce fertility rates
and enable the economy to bresk out of the poverty trgp. Theinitiad outlay might be
beyond the means of the country, but once positive economic growth sarts, the amounts
needed for maintenance of the program lie within reach of the country. A donor-
supported aid program, lasting long enough to secure the country on the positive growth
path, could obvioudy bresk the vicious circle of poor hedth and falling GDP per capita.

The notion of adevelopment trgp is helpful for understanding the growth
dynamicsin Africa compared with other parts of the world. Even when Sub-Saharan
Africaand parts of East Asahad gpproximately the same level of GNP per personin the
early 1960s, the disease burden in Africawas congderably higher, aswere totd fertility
rates and the youth dependency ratios® As a consequence, population growth rates
outstripped those of East Asia, and GNP per capita declined during the period 1965-95.
A study by Bloom and Sachs (1999) attributes a little more than 2 percentage points of
the 4 percentage point difference in annua growth rates between Sub- Saharan Africaand
East Asato result from differences in life expectancy (1.19 percentage points), and
differencesin population dynamics (1.14 percentage points). Unfortunately, the donor
world did not come in to help Sub-Saharan Africato bresk the vicious circle through
improved investments in hedlth.

Ghana and Korea offer a particularly interesting comparative case. Though Korea
and Ghana had approximately the same GDP per person in 1965, Kored s infant mortdity

8 Much of Sub-Saharan Africa suffers from an unusually high burden of disease among the group of
countriesat similarly low levels of income. The disease burden due to malaria, for example, is much more
severein Africathanin the rest of the tropics, almost surely because Africa harbors the most treacherous
malaria vector, the anophel es gambiae complex. This, in turn, probably results from the fact that malaria
co-evolved with human society in Africaover avery long period, producing remarkable adjustmentsin the
parasite and the vector in the African context.
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rate was around haf that of Ghana's (57 versus 117), and the life expectancy was 10
yearslonger (58 versus 48). Partly as aresult of these much more favorable hedth
conditions, Korea stotd fertility rate in 1965 was just 4.7, compared with 6.8 in Ghana.
Kored s population grew by 1.5 percent per year during 1965-95, compared with Ghana's
population growth of 2.7 percent per year.® Inturn, Korea's lower fertility rates and
dower population growth rates contributed to much higher rates of human capita
accumulation per person, and amuch lower dependency ratio by 1995 (youth under 15
congtituted 23 percent of Kored s population, compared with a staggering 45 percent of
Ghand s population).

Why do some very poor countries succumb to a poverty trap, characterized by
very low economic growth, while others do not? We conjecture that the underlying
disease ecology probably plays an important role. Countries with holoendemic mdaria
have, throughout the period of modern economic growth, seemingly been stuck in alow
level poverty trgp. Other reasons can aso play an important role: adverse geographica
conditions such as being landlocked or otherwise facing very high codts of transportation
to magjor markets, divisve internd politics, sharp socid fragmentation and Sretification,
which may cause dominant groups in society to prevent adequate investmentsin the
hedlth and education of less powerful groups, macroeconomic ingahility, for example
caused by an overhang of high levels of externd indebtedness.

F. Disease Control and Population Control: the Policy Linkages

It is sometimes feared that improved public hedth in poor countries will Smply
lead to a population explosion, which will undermine or even reverse entirely the benefits
of improved hedth. We have seen that such fears are overblown. Thelogic of the
demographic trangtion is that reduced mortality rates, especidly among young children,
should lead to reduced fertility rates aswell. The long-run response of population growth
to improvementsin hedth islikely to be an inverse relationship: better hedth (as
measured by reduced infant and child mortality rates) should produce a lower, not higher,
population growth in the longer term.

Thisview is probably too optimitic in the short term. A quick drop in infant and
child mortdity ratesis unlikely to be accompanied by a contemporaneous drop in fertility
rates such that overal population growth remains the same or even dows. Morelikdly is
an outcome where improved hedlth causes arise in population growth in the short term,
and afdl in population growth in the medium term. The andyticd question and policy
problem, of course, isto specify “short run” and “medium term.” Will fertility ratesfall
adongside mortality rates within a decade? Even fagter? Or with adday of perhgpsa
generation or more?

® Of course, we should not suppose that the health differences explain all of the differencesin population
dynamics after 1965. Koreaalso had much higher literacy rates, including of women, and this no doubt
contributed directly to the lower fertility rates aswell.



Bangladeshis agood example of a country that has recently made astounding
progress in reducing fertility rates, linked in part to improvementsin infant and child
aurvivd. Thefollowing graph shows the time paths of totd fertility rates (TFR), infant
mortdity rates (IMR), and population growth rates for five-year intervas during 1970-95
(the population growth rate for 1970, for example, isthe annual growth rate of population
between 1965 and 1970). The IMR is shown as a percentage rate (e.g. IMR = 14 in 1970
sgnifies 14 percent death rate of infants, or 140 infant deeths per 1000 live births).

During the hedlth trangtion, which became quite marked around 1985 with a steep
declinein IMR, population growth rates fell consistently, shown by the average annual
population growth rates for each five-year interva. The reduced population growth, of
course, mainly reflected a steep drop in TFR, from 7.0in 1970 to just 3.4 in 1990, and 3.1
in 1995.
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The Bangladesh caseillustrates that it is possible to improve hedth outcomes
markedly while reducing population growth rates. But the rapid drop in Bangladesh's
TFR resulted from a combination of socia processes, and was not an automatic response
to fdling infant mortdity rates. The government invested heavily in family planning
services and important non-governmenta organizations, such as Grameen Bank and
BRAC, contributed to improvements in the socid conditions of poor women, which in
turn contributed to reduced fertility rates. Economic changes, in particular the ongoing
process of urbanization, and especidly the enormous increase in employment of young
women in the export-oriented ready-made-garment sector, also led to delayed marriages
of women, and reduced fertility rates within marriage.

The generd lesson, known to public hedlth experts for decades, isthat the fal in

infant and child mortaity ratesis an important sour to reduced fertility rates, but that
family planning programs (and the generd empowerment of women through literacy
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programs and economic reforms) should accompany the public health measures, to speed
the drop in fertility ratesin tempo with the decline in mortdity rates.

G. The Empirical Evidence Linking Health and Long-term Economic Growth

Two basic approaches have been used to assess the linkages from health to
economic growth: (1) macroeconomic growth modeling; and (2) historica research on
the links of hedlth and development. We review those gpproaches here.

Macroeconomic evidence. The past decade has seen an explosion of empirical
work on the cross-country patterns in economic growth. In atypica framework,
exemplified by the important and innovative work of Robert Barro (1991, 1995), a
country’s economic growth rate during an interval of observation isrelated to a set of
explanaory varidbles, induding: initid income (a the sart of theinterva of
observation), initid levels of education, initid levels of hedth, a set of economic policy
messures, and an array of political inditutional measures. Thus, as an example, the
economy’ s per capita GNP growth rate during the period during 1965 to 1990 is related
to the economy’ s per capita GNP in 1965, the average years of schooling in the
population in 1965, the life expectancy & birth in 1965, the level of government spending
as a percent of GNP, the openness of the economy to internationa trade, the extent of
corruption (as measured by surveys), and the gability of government. The modd is then
estimated econometricaly as a cross-sectional multi-regresson modd, in which each
country’ s growth rate isrelated to that country’s explanatory variables. Studies aong
these lines have repeatedly shown that the hedlth indicators such as life expectancy in the
initid year of observation, are among the most important, if not the most important,
variables explaining subsequent economic growth.

A few recent papers have augmented the Barro framework with explicit
measurements of disease burden across countries. Both Gallup and Sachs (2000), and
McCarthy, Wolf, and Wu (2000), used cross-country measures of maaria prevaence to
help explain cross-country growth, controlling as usud for the other economic and
politicd variables. Both studies found that high mdaria prevaence was associated with
ggnificantly lower rates of economic growth than in norntmaarious regions.  Indeed, the
evidence suggests that regions with holoendemic malaria experienced economic growth
that was more than one percentage point per year dower than in norn-maarious regions.

Further circumstantia evidence on the role of disease burden in economic growth
comes from comparisons of growth rates in the tropics with growth rates in temperate-
zone economies. Not only are the tropica countries much poorer than temperate zone
countries (Hall and Jones, 1997; Gdlup, Sachs, and Méllinger, 1997) , but they have dso
grown lessrapidly during the past 40 years, once again controlling for other determinants
of growth such as economic policies. The dower growth in the tropics could have many
causes, but alikely candidate is the much higher burden of infectious disease in the
tropics — once again, no accident, in view of the importance of vector-borne and water-
borne infectious diseases, both of which (in generd) tend to have a much higher
prevalencein the tropics.
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Historica evidence.

Long-term historica processes underscore the linkages between population hedlth
and economic growth. Philip Curtin and other historians have collected data on mortdity
rates in the early 19™" century, especialy mortality rates of Europeansliving in other parts
of the world (such as soldiersin colonid armies stationed in the tropics). The data have
recently been assembled by Acemoglu, Johnson, and Robinson (2000). The early-19'" -
century differences in mortdity rates, which predate the introduction of modern public
health measures, are useful indicators of underlying disease ecology, since they are not
much influenced by medica or environmentd interventions. The especidly high rates of
mortdity in the tropics are evidence of the long-term burdens of tropica infectious
disease. The surprising feature of the datais that the early 19" century mortality rates
are highly correlated with income levels a the end of the 20 century! Regions that were
high-mortdity regions two hundred years ago are, with few exceptions, the very poorest
regions of the world today. Thisresult is shown in the scatter plot in Figure XX. Onthe
horizontal access we plot the logarithm of the mortdlity rate in the early 19 century, and
on the y-axis we plot the logarithm of GNP per capitain 1995. Clearly the high mortality
regions in the early 1800s are still the poor regions today.
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Higtorians have discussed severd key episodes in recent history in which
improvements in heath have been followed by sgnificant increasesin the rate of
economic growth. The timing and pattern of these episodes suggest a powerful causal
relation between the improvementsin hedlth and the subsequent rise in economic growth.

Perhaps the most important of such episodesisthe Indudtrid Revolution itsdf,
which commenced in England in the middle of the 18™ century. Historians have long
suggested that an agricultura revolution in the 17" and 18" centuries preceded the
industrid revolution. Nobe-prize winning economic historian Robert Fogel has traced
the links from improved nutrition to improved hedlth (as measured by physical stature of
the population) and then from improved hedlth to higher labor productivity. According to
Fogd, the improvements in hedlth can explain as much as one third of the totd risein
labor productivity over the past two centuries.

An especidly fascinating episode of improved hedlth followed by economic boom
is the case of the American South in the early decades of the 20 century.  In the second
half of the 19" century, and especidly after the U.S. Civil War, the North and the South
of the U.S. were divided between a temperate- zone indudtridizing economy and amuch
poorer subtropical-zone economy based on afew primary commodities, mainly cotton,
tobacco, corn, and afew other crops. The gap in per capitaincome between Northern
and Southern states actually widened in the years between 1880 to 1910, as Northern
industry developed rapidly, while the South remained largely non-indudtrid, with alarge
proportion of subsstence farmers. Of course this North South divide brings to mind the
“North-South” divide in the world economy today.

Many factors contributed to the laggard status of the U.S. South, and poor hedlth
dueto tropical diseases was definitely among them. The warm Southern States suffered
from epidemic mdariaand ydlow fever with an incidence vadtly greater than the cooler
Northern states. The South aso suffered from widespread infection of hookworm, a
water-borne parasite that thrivesin warmer climates.  In dl three cases, the etiology of
the disease and the mechanisms of disease transmission were not understood in the 19
century. Asaresult, control measures were extremdy limited in the case of yellow fever
and mdaria, and essentidly non-existent in the case of hookworm. The combined effects
of these diseases were pernicious, not only on the hedlth status of the population, but aso
on the economy. Potentia investors from Northern states shunned the South for fear of
maariaand yelow fever, and regardcd Southern workers as suffering from a*“laziness
germ” in the case of high hookworm prevaence.

In the early 20" century, the epidemiology and pathology of these diseases were
elucidated for the firgt time, offering abasis for effective disease contral for the first-
time. Control efforts were launched againgt al three diseases, based initialy on
mosquito control in the case of maariaand yellow fever (eg. drainage of breeding Sites),
and hygienic measures in the case of hookworm. These efforts were financed and
supported by the Rockefdler Sanitary Commission, the precursor of the Rockefdl ler
Foundation. Interestingly, Southern community and political leaders championed these
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campaigns with the explicit god of improving the business environment and thereby
attracting “foreign” direct investments from Northern ates.

The campaigns were successful in medica terms, as well as in economic terms.
By the 1920s, public hedlth in the South had improved markedly. Yéelow fever
epidemics, which had o terrified Southern populations, were brought to an effective end
(the yellow fever vaccine, achieved in 1937 with the support of the Rockefeller
Foundation, completed the process of ydlow fever control in the U.S.). Hookworm
prevaence was substantially reduced as well, as was the burden of madaria The
reputation of the South as an unhedthy environment diminished significantly, and
enthusasm of Northern companies for investing in Southern states increased strongly,
marked for example by the large-scale transfer of Northern textile mills to Southern
dates. Inlinewith this early indudtridization, the Southern economies began to enjoy an
increase of economic growth, and thereby to begin the process of economic convergence
with the North, a process that was substantially completed by the 1980s.

A somewhat smilar pattern of lagging indudtridization followed by catching up
is evident in Southern Europe during the course of the 20th century. In the firgt haf of
the century, Northern Europe industridized while the economies of Southern Europe
(Spain, Southern Italy, and Greece) remained agrarian and largely nontindustrid, at least
in comparison with the North. Asin the U.S. South, the heavy burden of maariain
Southern Europe surely played arole in the laggard development of the South, though of
course many other factors (politics, climate, resource base) dso played arole. Itdian
scientists and politicians repeatedly referred to the role of maariaas amgor culprit in the
impoverishment of the mezzigiorno. Asin the U.S., maaria control measures followed
upon the discovery of the causative agent of the disease (the plasmodium parasite) and
the role of anopheline mosquitoes in its transmission. These measures began in earnest in
Italy in the 1920s, for example with the drainage of the marshes outside of Rome, but
redlly achieved their success with the introduction of DDT spraying in the 1940s and
1950s. Mdaria control was followed by a spurt in foreign investment and an increase in
economic growth, as Northern European firms increased dramatically their investments
in tourism and manufacturing in Southern Europe. Of course, disease control was but
one factor in this acceleration of growth.

The most notable success sory in economic development in the past haf century
is East Asa, where economic growth has been rgpid since the mid-1960s in the “tiger
economies’ of Korea, Tawan, Hong Kong, and Singapore, and from the mid-1970sin
the Southeast Asian economies of Indonesia, Mdaysia, and Thalland. The People's
Republic of Chinabegan to grow rapidly in the early 1980s. It gppears that
improvements in public health preceded and hel ped to cause the take off to rgpid growth
in these cases aswell. We noted in Table 2 that while much of East Asawas very poor
a the time of its economic takeoff, it had dready achieved rdatively favorable hedth and
demographic conditions. In Table 4, we show how much these indicators had improved
inthe lead up to rapid growth. For example, between 1950 and economic takeoff around
1965, Kored s infant mortdity rate (IMR) declined from 115 to 57, and the totd fertility
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rate declined from 5.4 to 4.7. Similarly, between 1950 and economic takeoff around
1980, Chind s IMR declined from 195 to just 42, and the TFR from 6.2 to 2.5.

These griking improvements in public health resulted from a combination of new
technologies and new public policies. The early years after World War 11 withessed the
widespread introduction of antibiotics and immunizations againgt childhood diseases.
The pesticide DDT was used liberaly to fight maaria. The Governments of the region,
often with the financid support of the U.S.,, undertook sustained efforts to build the
public health syssem. China, notably, developed an effective village-leve public hedth
effort, built around “barefoot doctors,” the principle of universal access to basic medical
sarvices, and massive community efforts a environmental management for disease
control, such as draining breeding grounds for mosquito vectors, and introducing
larvacides and other controls to combat schistosomiasis and other helminthic infections.
The East Asan government also directed their efforts explicitly a population control
through family planning and the increased use of contraception.

Bloom and Williamson (1997) described the “demographic gifts’ that resulted
from these palicies, of the sort we described earlier. With each household having fewer

children, investments per child increased. Population growth dowed, and the share of the

population at working age tended to rise (i.e. afdl in the dependency rétio), dso leading
to arisein GDP per capitaand arise in household saving rates. The changes helped to
trigger the economic takeoff of the region, which of course provided further economic
resources to households, communities and the nationa governments to improve public
hedith il further.

H. Adding up the Economic Benefits of Improved Health: An Illustration

In this section, we put together the microeconomic and macroeconomic benefits
of improved hedlth, to estimate the economic returns to a society of amgor advance
agang disease.  Asaconcrete case, we will illugtrate the caculation for a specific
country, [eg. Tanzania], to show how large the returns to disease control can be. [This
section is dtill to be completed for a Sub-Saharan African country with ahigh disease
burden, economic stagnation, and good morbidity and mortality data, including cause-of-
desth estimates].

1. Reducing the disease burden

The quest to reduce the burden of disease must be based on sound scientific
knowledge, detailed evidence of best hedth practices, and intimate attention to loca
conditions within each community and nation. Hedth careisintrinscaly bound up with
local ecology, culture, and socioeconomic conditions, and interventions must be tailored
accordingly. Thereisno shortcut to greetly increased training, mohilization, and
financid and technica support of local expertise to carry out effective and sustainable
hedth programs. At the same time, broad and internationdly gpplicable scientific
principles are vitd to establish priorities, to eval uate the effectiveness of dterndative
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interventions, and to guide the methodol ogies for surveillance, monitoring, and
adjustment of intervention efforts.

Each country and each region will have its own hedlth priorities, to be judged
according to careful epidemiologica and economic analyss. Nonetheless, severd mgjor
disease conditions can be identified as the mgor source of excess disease burden in most
of the poorest countries, taking into account that loca exceptions and variations surely
exis. Asiswdl known, the greatest differencesin heath outcomes between the rich and
the poor countries (measured by morbidity, premature mortality, reduced life expectancy)
are due mainly to agroup of infectious diseases, some of which are endemic to tropica
regions (e.g. maaria) and others of which are better described as diseases of poverty
itsdf (eg. tuberculoss). The extraordinarily heavy burden of HIV/AIDS in the poorer
countries, especidly Sub-Saharan Africa, probably reflects a complex mix of biologica,
culture, and income differences between the hard-hit and the lesser-hit regions.

The evidence on the globa burden of disease pointsto around 10 disease
categories which deserve the priority atention in most of the poor countries, recognizing
agan tha differencesin the list will occur inindividud locdes. These 10 conditions are:

Madaria

HIV/AIDS

Tuberculoss

Acute Respiratory infections

Diarrhed diseases

Vaccine-preventable diseases
Reproductive hedth

Tropicd paradtes and hdminthic infections
Nutritiona deficiencies

Tobacco-rdated illnesses

Table X reportsthe DALY s associated with these 10 conditions in various regions
of the world, as estimated by WHO, as well as the proportion of total DALY s dueto each
condition and the group as awhole. Within each geographicd region of the world, the
WHO digtinguishes countries according to their “mortdity stratum,” separating high-
mortdity regions from low-mortdity regions. Thus, within the Americas, there are low-
mortality regions (eg. the United States) and high-mortaity regions (e.g. Peru). We
follow the WHO divison in the table.

We dress the great uncertainties that surround these estimates, mainly because of
the paucity of evidence on morbidity and cause of death in the poorest countries, but dso
because the long-term effects of various conditions (such as chronic heminthic infection)
can not be assessed on the current scientific evidence, and because diseases interact in
manifold and complex ways, so thet it is often not possible to assign agiven sate of ll
hedlth or a death to asingle cause. The number of desths “due to maaria,” for example,
may be considerably larger than shown by the table, Since the immunosuppressive effects
of maariaraise the mortdity risks of other diseases. Recent history is replete with
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examplesin which maaria control interventions reduced al-cause mortdity by far more
than the direct reduction in deaths classfied as due to maaria The reduction in malaria
burden aso reduced desths classified as due to diarrhedl diseases, respiratory infection,
and other communicable diseases.

Even with these cavests the data are enormoudy revealing. The 10 conditions
that we have identified account for around 46 percent of the DALY sfor the world asa
whole, and 60 percent of the DALY s of the high-mortdity regions as awhole, as shown
in the accompanying teble.*® These 10 conditions account for around one-fourth of the
totd DALY sin the lon-mortaity regions. Looking at geographic regions, these
conditions account for 73 percent of the DALY s of Sub-Saharan Africa, and around half
of the DALY s of the high-mortality regions of the Americas, the Middle-East and North
Africa (MENA), and South and Southeast Asia (S-E ASa).

HIGH-MORTALITY REGIONS OF THE WORLD

World Africa Americas MENA SEAsa Tota

Population (000,000's) 5962 616 70 348 1219 2254
Totd DALYs 1438154 373360 16346 101688 355876 847270
Maaria 44998 36839 23 2727 2748 42337
HIV/AIDS and STDs 109566 82297 757 3062 15329 101444
TB 33287 8721 471 2035 10648 21876
Respiratory 101127 32770 1158 9936 35130 78995
Diarrhea 72063 24322 770 9146 28960 63197
Vaccine-Preventable 67253 30534 244 7578 20810 59165
Maternal and Perinatal 115609 36622 1580 12637 33462 84301
Tropical and Nematode 18845 8511 221 614 5940 15287
Nutrition 44539 11037 715 3415 14672 29338
Tobacco 49288 1900 2264 2136 6014 12314
Category | 607287 271652 5939 51149 167701 496441
Category | + Tobacco 656575 273552 8203 53285 173715 508755
Total as% of DALY's 46 73 50 52 49 60

0 Thistableis based on Annex Table 4 of the World Health Report 2000. To make the table, the detailed
categories of communicable diseases, maternal and perinatal conditions, and nutritional deficiencies, shown
inthe WDR table are collapsed into the first nine categoriesin the table shown in the text. For vaccine-
preventable disease, | include the categories of “childhood diseases,” meningitis, and hepatitis. For tropical
and nematodeinfections, | also include leprosy, dengue, Japanese encephalitis, and trachoma, which are
separate categoriesin the original WDR table.
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LOW-MORTALITY REGIONS OF THE WORLD
LOW-MORTALITY REGIONS:

World Americas MENA Europe SEAsa W Pecific
Population 5962 743 137 872 289 1667
Total DALYs 1438154 109596 20895 136350 56604 267439
Malaria 44998 53 47 2 323 2235
HIV/AIDS and STDs 109566 3262 112 1442 2261 1044
TB 33287 643 225 1258 3453 5832
Respiratory 101127 3046 980 3508 3014 11584
Diarrhea 72063 1744 977 1131 1057 3955
Vaccine-Preventable 67253 1224 563 973 1913 3416
Maternal and Perinatal 115609 5193 1837 2821 6986 14471
Tropical and Nematode 18845 1003 169 20 598 1768
Nutrition 44539 2018 704 1151 219 8634
Tobacco 49288 6603 840 17084 1425 11022
Category | 607287 18187 5615 12305 21800 52939
Category | + Tobacco 656575 24790 6455 29389 23225 63961
Total as% of DALY's 46 23 31 2 1 24

The infectious diseases impose ardatively low burden of disease in the low-
mortdity regions. Table XX shows the distribution of worldwide DALY s for each of the
10 conditions according to geographical region. For example, 59 percent of the world's
DALYsarein the high-mortality regions, despite those regions having just 38 percent of
the world's population. 82 percent of the DALY s due to malariaand 75 percent of the
DALYsdueto HIV/AIDS are estimated to fal within Sub-Saharan Africa. Overdl,
Africahas 26 percent of the world’'s DALY s, though only 10 percent of the world's
populaion. Thelow mortdity regions, with 62 percent of the world' s population, have 6
percent of the world's maaria, 7 percent of the world’sHIV/AIDS, and 34 percent of the
world' s TB. If weadd al of the infectious diseases, nutrition, and materna and perinatal
conditions, (shown as Category | in the table), the high-mortdity regions have 82 percent
of the world's DALY s due to these conditions, and the low-mortdity regionsjust 18
percent. On aper capita basis, the high-mortality regions have 7.4 times the per capita
burden of disease due to Category 1 diseases.
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SHARE OF WORLD DALYsBY DISEASE, HIGH-MORTALITY REGIONS

All High-
World  Africa Americas MENA SEAsa Mortdity
High High High High
Population (000,000's) 100 10 1 € 20 33
Total DALYs 100 26 7 25 59
Maaria 100 82 0 € 6 A
HIV/AIDS and STDs 100 I6) 1 K 14 93
TB 100 26 1 € 32 66
Respiratory 100 32 1 1C 35 78
Diarrhea 100 A 1 1z 40 83
Vaccine-Preventable 100 45 0 11 31 88
Maternal and Perinatal 100 32 1 11 29 73
Tropical and Nematode 100 45 1 Z 32 81
Nutrition 100 25 2 € 3 67
Tobacco 100 4 5 4 12 25
Category | 100 45 1 € 28 82
SHARE OF WORLD DALYsBY DISEASE, LOW-MORTALITY REGIONS
All Low-
World  Americes  MENA Europe SEAsa W Pacific Mortality
Low Low Low Low Low

Population (000,000's) 100 12 2 15 5 28
Total DALYs 100 8 1 ¢ 4 19
Malaria 100 0 0 C 1 5
HIV/AIDS and STDs 100 3 0 1 2 1
TB 100 2 1 4 10 18
Respiratory 100 3 1 K 3 11
Diarrhea 100 2 1 z 1 5
Vaccine-Preventable 100 2 1 1 3 5
Maternal and Perinatal 100 4 2 z 6 13
Tropical and Nematode 100 5 1 C 3 9
Nutrition 100 5 2 K 5 19
Tobacco 100 13 2 3 3 22
Category | 100 3 1 z 4 9
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Except in very rare cases — andlpox, polio, leprasy, guineaworm, perhaps
meades-- theredigtic god isto reduce the disease burden, not to diminate it entirely.
Even the god of disease control and reduction, of course, represents a profound chalenge
in many parts of the world and for many disease conditions. HIV/AIDS, mdaria, TB,
and some of the other conditions have been risng sharply in incidence, prevaence, and
as acause of desth, so that reducing the disease burden first requires reversing the current
trends. In dl cases, we should think about three main categories of disease control
efforts prevention, treatment, and research.

Prevention is often the most cogt- effective intervention (by far), but isironicaly
often the most neglected type of intervention as well, partly because poor people may
lack the knowledge or means to undertake preventive actions, or because such
preventative actions require community or nationd-leve initiatives which are not
forthcoming, or because such actions lie outside of the medica system, and are neglected
by medica doctors. Trestment of disease, of course, typicaly lies within the purview of
the medica system, but here too many kinds of interventions can best be implemented
outsde of traditiona hedth facilities— for example in schools or the workplace.

Research is surdly the most neglected category of dl. Every disease category requires an
increased research effort — for new, less codtly, or more effective forms of prevention
(such asvaccinesfor HIV/AIDS, mdaria, and TB); for new treatments (such as anti-
maarid drugs to replace those that are being lost to growing drug resistance of the
maariaparaste) ; and for improved desgn and implementation of disease-control
programs (so-called operationa research), to ensure that control efforts are properly
tallored to loca conditions and that control efforts are meeting their targeted objectives.

With respect to each disease category, it isworthwhileto list briefly the main
issues surrounding prevention, trestment, and research priorities. Of course, far more
detalled information is avallable in the background studies, and in the extengve lit of
references provided in those background studies.

Mdaria. Mdariais estimated to contribute to between 1 million and 2.5 million
deaths per year, of which 90 percent or 0 are in Sub-Saharan Africa. Because of the
vector-borne nature of malaria transmisson, maaria control requires a complex blend of
preventative vector control efforts and treatment efforts. The epidemiology and patho-
physiology of the disease are enormoudy complex and in some ways poorly understood.
Madariais enormoudy Ste-specific in its epidemiology, depending on the precise
characteridics of the physica environment, the nature of the mosguito species endemic to
the region, immunological characterigtics of the population, and other factors. Mdaria
tends to require aminimum ambient temperature for high rates of transmission (often
identified around 18 degrees Cddus), and so that maariais overwhdmingly
concentrated in tropica and sub-tropica climates. Theory and history demongtrates that
maariacontral isvastly easer in sub-tropica environments, such as southern Europe or
southern United States, than in the tropical regions*  Malaria control is most difficult,

M Technically, the base case reproduction rate (BCRR) of the infection was around 1 in many sub-tropical
environments where malaria control was successful, so that modest success in reducing disease
transmission could reduce the BCRR below 1, thereby stopping the transmission of the disease.



and codtly, in parts of tropica Sub-Saharan Africa, where climate and vectoria
competence of the endemic species of mosquito lead to holoendemic transmisson.

Maaria contral efforts throughout Africa have collapsed in the past two decades,
leading to high rates of disease burden even in areas that formerly had been under control
(such asurban areas). Preventative messures in particular have suffered markedly.
Prevention programs focus on controlling mosguito biting behavior, either by reducing
the prevaence and surviva of mosquitoes (through household spraying, larvaciding of
breeding Sites, drainage of breeding sites, relocation of habitation and other human
activities away from breeding sites), or by introducing mechanica barriersto biting
(through insecticide-impregnated bednets, or IBNS, or improvements in housing
congtruction such as use of screen doors). Such programs must be very carefully tailored
to the local mosquito and human ecology, as effectiveness depends on such things as:
maosquito biting behavior (eg. biting time of day, indde or outside houses, human versus
animd targets), human activity (work outsde of the home in the dawn and dusk, location
of crops relative to breeding sites, urban or rura setting), mosquito responsiveness to
pesticides and other treatments.

One of the most important consderationsin vector control programs is that
effectiveness generaly depends on the level of community coverage of control efforts. It
is quite obvious that drainage of mosguito breeding stes will be ineffectiveif only a
amall proportion of such Stesaredrained. Lessintuitively, the same is true about
insecticide-impregnated bednets. 1BNs are much more protective of each individua user
when a high proportion of the rest of the villageis dso usng bednets. Thisis because
widespread bednet use in the village not only reduces the frequency of bites per person,
but aso reduces the proportion of bites that are infective. Thisisaso-called “mass
action effect,” (or “community effect” or “herd effect”) since the effectiveness of the
intervention increases markedly as the extent of community coverage rises.*

Massive problems afflict so case management of maaria. In many poor
countries, individuas and households lack the financia means to secure proper medica
atention in the event of malaria Many have no practical way to reach primary hedlth
centers, or to afford the anti-malarid drugs that might be prescribed there but are not
provided for free. Mothers often do not bring their children to a doctor until after madaria
has reached a very dangerous stage (e.g. cerebrd maaria, leading to comaand risk of
deeth). Moreover, throughout Africaand ASa, there isagrowing proportion of drug-
resistant cases, especidly to the least expengve fird-line medication, chloroquine. This
isdready having dire consequences, Snce many households and governments continue to
rely on chloroquine, despite its risng ineffectiveness. The consequences will multiply
enormoudy as second-line drugs (e.g. SP) dso arelosing effectiveness. Thereisa

12 Similar mass action effects are characteristic of immunization campaigns, since immunization coverage
not only protects the individual s receiving the immunization but also reduces the probability that non-
immunized individuals will become infected because the prevalence of the diseaseisreduced. Thus, itis
generally considered that 80 percent coverage of measlesimmunization is enough to prevent an epidemic
among the non-immunized portion of the community.



dramaticaly shrinking list of available options, and these are will be avalable only & a
rapidly rising price.

Madariaisaquintessentia case where existing technologies could reduce the
disease burden markedly (through a combination of vector control and case
management), but where there is an urgent need for new research aswell. The holy grail
for maaria control is avaccine gppropriate for resdents living in endemic regions. In
addition, research is urgently needed to find new low-cost insecticides, and especialy
new anti-malaria drugs. Operationd research is needed in virtudly every high-
transmission region to investigate best approaches to vector control and to improved case
management, including the use of combination drug therapy to stop or dow the onset of
drug resistance.

HIV/AIDS. The number of HIV-postive individudsin the world is now
estimated to be 34 million people, of which around 95 percent live in developing
countries. An astounding 70 percent or so of al the world's cases are now in Sub-
Saharan Africa. In the absence of effective drug therapies (known as highly active anti-
retroviral therapies, or HAART, when combination drug therapies are used, or anti-
retroviral therapy, ARV, more generdly) now employed widdly in the rich countries,
amog dl of the 34 million people are likely to progressto AIDS within a decade, and to
die soon after that. The epidemic is continuing to spread at an astounding rate,
outstripping earlier epidemiologicd forecasts of the disease. The number of new HIV-
positive casesin 1999 is estimated to be 3.8 million, partly offset by an estimated 2.2
million AIDS desths, for anet increase of 1.6 million HIV-postive individuds. The
HIV/AIDS pandemic threatens to be the worst infectious disease pandemic in world
higtory if it continuesits rapid spread throughout the developing world.  Already in
Southern Africa, an astounding one fourth or more of the adult population isHIV-
postive. The prevaence rates are much lower in Asa, but there are fearsthat HIV/AIDS
could spread rapidly in Indiaand other countries in the region.

Mogt HIV infections are heterosexually transmitted. XX percent of new cases are
estimated to result from mother-to-child transmisson (transmisson from an HIV-positive
mother to infant can occur in utero before birth; through the exchange of fluids between
mother and child at birth; or through breastfeeding in infancy). An estimated XX percent
of new HIV cases results from intravenous drug use, and avery small proportion results
from other causes (such as intravenous transfusion with infected blood).

Like malaria, an appropriate approach requires urgently scaded-up effortsin
prevention, treetment, and new research.  Regarding prevention, focus should be on
reducing adult-to-adult transmission, mainly sexua trangmisson but aso trangmisson
among intravenous drug users, and on mother-to-child transmisson (MCT). Inthe
broadest terms, of course, reduced sexud transmission of the HIV virus generaly
requires a change in sexua behavior, such as the the use of condoms, or a reduction of
frequency of sexud activity with potentialy infective partners. Theory and experience
suggests amuch tighter focus, however.  The likelihood of an HIV-postive partner
infecting an HIV-negative partner in asingle act of sexud intercourse is quite small,



typicaly lessthan 1 percent. Therisk isincreased markedly when one or both partners
aso suffers from another sexudly transmitted disease (STD). Thismeansthat the virus
is spread mainly by HIV-positive individuals that engage in a very high frequency of

sexual acts with unprotected partnes, and/or high-risk sex, especially in conjunction with

an untreated STD. .

Five types of individuds are most important for trangmission of the HIV virus:
sex workers, who may have hundreds or thousands of clients per year; very promiscuous
individuds, with large numbers of partners (as occurred in the U.S. gay community at the
time of theinitia outbresk of AIDS); promiscuous individuas with STDs or other risk-
factors for high rates of HIV transmission; an HIV-positive spouse with an HIV-negative
spouse, eventudly leading to the infection of the HIV-negative partner; and an HIV-
positive mother giving birth to achild. Most of the effort a preventing adult-to-adult
transmission should focus on the firgt four of these circumstances. While broad public
education about AIDS is useful, the key to bresking the epidemic lies with the control of
the key transmission points, especiadly sex workers, individuds with STDs, and
households with one HIV-postive adult and one HIV-negative adult. In most places, the
predominant channd of transmission is from sex workersto adult maes, who in turn
transmit the virus to their usual femae partners, and from there to newborns. Programs
to encourage sex workers to use condoms, therefore, can have a dramatic multiplier
effect, aswas proved in Thailand. Programsto identify and encourage HIV -positive
individuds to use condoms with regular HIV-negétive partners, especialy spouses, can
aso have an important effect on the epidemic.

M other-to-child tranamission can be reduced by the use of low-cost anti-retrovira
drugs such as AZT and neverapine. The producers of these drugs have even offered to
supply them for free in poor countriesin well-designed MCT programs. Even with free
access to the drugs, however, more studies will be needed about appropriate protocols,
that take into account the risks of MCT at various perinatal stages. Should the drugs be
administered pre-nadly, at birth, or during breastfeeding? What are the right tradeoffs
between continued breastfeeding (perhaps with ARVS) or bottlefeeding?

The issue of case management of AIDS patientsis daunting, and should be one of
the highest priorities of the international community. Since the mid-1990s, combination
drug thergpies, based on combinations of reverse-transcriptase inhibitors (RTIs) and
protease inhibitors (P1s), has proven effective in dramatically reducing the vira load and
the onset of illnessin HIV-positive patients. These drug therapies cost severa thousand
dollars per year in the rich countries, and have so far been restricted largdly to rich
countries or to afraction of HIV/AIDS patients in middle-income developing countries.
Only anegligible fraction of African victims has so far had any chance to benefit from
ARV thergpies. Thus, theworld isin the stark Stuation of millions of people facing a
death warrant, for dl intents and purposes, even though the means to save them exigt.

Far too little effort has been made in examining the possibility of amodified ARV
drategy in the poorest countries. For example, if the drug combinations were available at
margind production cost rather than patent- protected prices, how much would they cost?
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How much could these costs be reduced by supporting the development of new low-cost
production facilities to service the African needs? Could a two-drug combination
therapy, or athree-drug thergpy, leaving out the most expensive drugs (usudly the
protease inhibitors or nucleoside RTIs) become cogt effective and affordable within the
African context? What kinds of protocols could be effective when compliance rates are
low and sde effects of combination thergpies can be high? None of these critical
questions has been examined by the international community in a objective and complete
manner. The evidence that we are developing, discussed below, suggests that an
affordable HAART dtrategy, at a cost below $1000 per year (and probably below $500
per year) can be developed even for very poor countries. Substantial donor assistance

will dill be necessary.

Appropriate case management goes far beyond HAART. There are important
possihilities and options for treating the opportunistic infections associated with AIDS,
such asfungd infections (trested with cotramoxizole) or TB (treated with DOTYS). In
most of Sub-Saharan Africa, little trestment is offered even for the opportunistic
infections, and very little operationd research has been undertaken to examine the kinds
of treatment that would be most needed and effective.

AIDS research desarves the highest internationa priority alongside funding and
operational drategiesfor prevention and case management. Advancesin vaccine design
and bioengineering offer severd promising approachesto an HIV/AIDS vaccine. One
complexity isthat the specific vira sub-typesin the developing world are different from
those in the advanced countries, and these may well require important modificationsin
vaccine design.® The vast mgjority of research to date has focused on the cladesin the
U.S. and Europe, though vaccine research supported by the International AIDS Vaccine
Initictive (IAVI) has been initiated for the main Southern African sub-type. 1n addition
to vaccine research, there are important needs for continued drug development. Findly,
operationd research at every stage (prevention strategies and treatment protocols) have
been notable for their absence in the African context.

Tuberculogs. Tuberculoss remains one of the mgor killer diseases in the world,
claming an esimated 1.7 million livesin 1999, despite the fact that existing technologies
could dramatically reduce the disease and mortality burdens. About 95 percent of these
deaths are in developing countries. The WHO-recommended Directly Observed Therapy
Short-Course (DOTYS), in an gppropriately administered DOTS regimen with full patient
compliance, isaround 90 percent. Unfortunately, for severa reasons related to poverty,
poorly functioning hedlth systems, and lack of appropriate actions by TB-affected
households, the reach of DOTS remains asmdl fraction of those suffering from the
disease. Itisestimated that 1.8 billion people, dmost one-third of the world’s population,
harbors the infective bacterium, Mycobacterium tuberculosis, and that among these
carriers, goproximately 8 million people are suffering from the disease itsdf. The disease
has surged as an opportunigtic infection on the back of the HIV/AIDS pandemic.

13 Themain HIV sub-type (or clade) in the U.S.and EuropeisHIV1-B. In West Africa, has two epidemics,
HIV2 and HIV1-A. The main sub-type of Southern AfricaisHIV1-C.



Moreover, treatment has become considerably more complicated in aminority of cases
due to multi-drug-resistant (MDR-TB) drains of the infectious agent.

Twenty-two developing countries, with a combined population of 3.6 billion
people (or about 62 percent of the global population), account for 80 percent of the
incidence of TB. (See WHO Globa Tuberculosis Report 1999).1* Within these 22
programs, the WHO estimates a 72 percent cure rate in the DOTS programmes,
compared with a 17 percent cure rate in the non-DOTS areas. There was enormoudy
wide variation in DOTS coverage as of 1997, varying for example from 100 percent
coverage in some countries (Kenya, Peru, Tanzania, Uganda) to ardatively high 64
percent population coverage in Ching, to just 2 percent in India (which accounts for fully
23 percent of worldwide incidencein 1997). DOTS coverage in Indiaisrisng rapidly,
but was expected to be less than one-third of the population by the end of 1999. Among
other high incidence countries, 1997 DOTS coverage was aso extremely low in
Indonesia, the Philippines, South Africa, and Thailand.

For the world as awhole, only around 42 percent of annua new cases of TB are
reported to the WHO (3.4 million out of 8 million new cases), and of these, only around
29 percent were reported under DOTS. Thus, the total reporting of TB under DOTS
relative to al new casesisonly around 12 percent. DOTS programs are estimated to be
available only to around 35 percent of new TB cases, though actua coverage under
DOTSisof course even lower, a around XX percent of new cases per year.

Tubercuosisisacomplex disease, snce the incidence of disease depends not
only on infection, but on whether the infection causes active diseese. Theincidence of
disease has been found to depend on age (with specia susceptibility in infancy, puberty,
and old age), nutritiond status (protein deficiency, in particularly, raisesthe risk of active
disease), living conditions (with much higher ratesin crowded and poorly ventilated
houses and workplaces). In generd, risng living standards ameliorates al of these
conditions, and thus contributes indirectly to a reduced disease burden. Inthissense, TB
isclearly a case of adisease that both causes poverty (by reducing household productivity
and earning power) and is caused by poverty.

The chdlengesto TB involve prevention, treatment, and new research.
Prevention is best achieved through comprehensive surveillance and timely treatment of
new cases, as well as behaviora changes (careful hygiene) by TB patients to reduce the
likelihood of spreading the disease within the household or workplace. [Isthat correct?).
The main issue for treatment is to expand the coverage of DOTS to a much more
substantia proportion of the affected population. Our cost estimates later in this report
discuss the modalities and financid implications of wider DOTS coverage. The second
chalenge for coverageis an expansion of capacity to address MDR TB, which cannot be

1 1n order of incidence, from highest to lowest, among the 22 countries are: India, China, Indonesia,
Bangladesh, Pakistan, Nigeria, Philippines, South Africa, Ethiopia, Viet Nam, Russian Federation,
Democratic Republic of Congo, Brazil, Tanzania, Kenya, Thailand, Myanmar, Afghanistan, Uganda, Peru,
Zimbabwe, and Cambodia.



handled under the standard DOTS protocol. Asfor new research priorities, the following
should be mentioned:

Improved diagnostics. The current test for outum smear-paostivity is often
beyond the reach of arurd primary hedth facility, so dternative low-cost diagnostics
would be extremely useful.

Improved drugs and protocols for DOTS therapy. The current protocol is
onerous, requiring vidits by the patient to a hedth facility (or hedth workersto the
patient) on aregular basis over a Six-month period. Compliance rates suffer accordingly,
as does the cost and feasihility of implementing DOTS within ameager public hedth
budget. New drugs may offer the possbility of a shorter course of treatment, and
dternative protocols, for example usng e-mail or internet connectivity to monitor drug
use, could possibly reduce the dependency on frequent visits to the hedth clinic.

A vaccine for TB. Thereis currently no available vaccine for prevention or
trestment of TB among adults. The Bacille Camette- Guerin (BCG) vaccineisusad in
many developing countries to reduce the morbidity and mortaity due to TB among
children, but this vaccine is not effective in adults.

Diarrhed disease. Diarrhea diseases, characterized by a sudden onset of
increased number of stools, usudly with reduced form, and with bloody discharge in the
case of dysentery, are caused by awide complex of vira, bacteria, and protozoan
microbid infections. Among the bacterid infections are E. coli, shigella, sdmonella,
campylobacter, and staphylococcus. Vird infections include rotavirus, and Norwak
virus. Protozoan infectionsinclude giardia, entamoeba histolytica, and cryptosporidium.
The pathways of tranamission, and etiology of disease, of course differ according to the
infectious agent.

These diseases impose aremarkably high burden of morbidity and mortdity,
ranking third in total desths due to infectious diseases behind HIV/AIDS and acute lower
respiratory infections (ALRI), with an estimated 2.2 million degths per year, virtudly al
in the developing countries, and of these a very high fraction in the tropics.

For most of the relevant infectious agents, diarrhedl diseases are prominentin
warm-temperature environments, as warmer temperatures encourage the rapid
multiplication of bacteria agents (e.g. in contaminated food), and so may facilitate the
transmission of microbia agents (e.g. when they are carried by flies or by awater-borne
pathway). Thus, diarrhed disease is more prevalent in tropica than temperate ecozones,
and within temperate zones, during summer months rather than winter months.

Rotavirus, which is more prevaent in the winter in the temperate zones, is an exception
to thisprinciple.

Diarrhed diseases are frequently transmitted through afecd-ord route. Fecal
materias containing the microbia agents may infect the water supply directly (for
example when defecation is dlowed to enter the drinking water of the community), or
may get on food when an infected individua that has touched the feca materia
subsequently touches food or water, or may be carried by flies from fecesto food. For
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this reason, hygiene and water availability play alarge role in determining the prevaence
of diarrhesl disesses.

Diarrhed diseases display an intimate two-way causdity with undernutrition. On
the one hand, dietary insufficiency, especidly protein insufficiency, isamgor risk factor
for the saverity (if not the incidence) of many diarrhedl diseases. On the other hand,
repested bouts of diarrhedl disease can cause massive and life-threatening manuitrition,
as the episodes of diarrhedl disease may lead to the maabsorption of nutrientswhich is
not recovered in the period between illnesses. Much of the reported stunting and wasting
in Sub-Saharan Africaand South Asais clearly the result of bouts of diarrhed disease
rather than dietary insufficiency per se.

Aswith other disease categories, diarrhea disease requires a strategy that
contemplates prevention, case management, and new research, with prevention focused
both on the household and community levels. Since the incidence of diarrhed disease
depends so much on human behaviord interactions with food, water, and human waste,
public education regarding persona hygiene can play a big role in reducing the disease
burden. Moreover, mother’s education is aso critical, to understand the links from hand
washing to disease; the maintenance of alatrine to separate waste from the household's
water supply; proper food preparation, including boiling water, proper cooking of foods,
andthelike. In many cases, though, the necessary actions are on the community leve,
such as protecting the community’ s water supply (e.g. atube well) from the infiltration of
human wagtes. It has been found, aswell, that the availability of water, perhaps even
more than the quality of the water, is critical. Water-scarce communities have amuch
higher burden in managing an acceptable level of persond hygiene, including bathing
and handwashing. Other preventative actionsinclude: the discontinuance of use of human
wadte (night soil) asfertilizer; insect control (for example, drainage of breeding Sites of
flies that carry disease); and promotion of breast feeding.

Treatment is smilarly an issue both for households and the community, in the
later casetypicdly at theleve of the primary hedth center for avillage. Three types of
highly cog-€effective treatments are available for most cases of diarrhed disease: ord
rehydration therapies to combat dehydration; anti-microbias to combat bacterid and
protozoan infections, and in some cases, drugs to reduce secretion and thereby to reduce
the risks of extreme dehydration. When mothers are properly trained to recognize the
dangers of acute diarrheal disease episodes, and to respond appropriatdly, they will either
be able to adminigter treatment at home (e.g. in the case of oral rehydration therapy) or be
aware of the urgency of bringing the sck child to the dlinic.

Aswith maaria, TB, and HIV/AIDS, thereis the need for stepped up research to
identify new thergpeutics and candidate vaccines for the diarrheal diseases. A near-
breakthrough was achieved in 1999 when a vaccine for rotavirus was introduced into the
U.S. market. Unfortunately, the vaccine was quickly discontinued on the U.S. market
because of some limited evidence suggesting alink of the rotavirus vaccine with
increased risk of intussusception. Nonetheless, that vaccine or arelated vaccine might
dill be highly effective in adeveloping country context, where rotavirus takes the lives of
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hundreds of thousands, or perhaps millions, of children per year. Vaccine research isaso
underway for shigdlla and other pathogensin diarrhed disease, but as a general matter,
the extent of R&D activity falsfar short of appropriate levels considering the burden of
disease.

Acute Respiratory Infection Aswith the case of diarrheal diseases, the acute
respiratory infections (ARIs) are acomplex of vird, bacterid, fungd and parastic
infections. They impose aremarkably high burden of disease and death, estimated to
reach 4 million deaths per year among children in developing countries, and an estimated
XX percent of the world’ s disease burden overdl. Bacterid pathogensinclude:
pneumococcal, Hib, and staphylococca and streptococcd infections. Vird agents
include influenza, meedes, respiratory syncytid virus (RSV), and varicella. Rickettsd
infections are dso implicated in infectious pneumonia. Aswith diarrheal diseases, part
of the extraordinary morbidity and mortality rates associated with ARIs in developing
countriesis due to the interaction of undernutrition (with consequent
immunosuppression) and infection. Some cases of ARI are also secondary to HIV/AIDS.

Aswith the other disease categories, effective control of ARIs requires enhanced
messures of prevention, case management, and R& D for new approaches. Prevention of
ARIsinclude medicd interventions such as vaccinaion (e.g. for meades, influenza,
pneumococcus and Hib), and environmentd actions, ranging from handwashing to
improved housing to avoid ARIs and other respiratory diseases resulting from poor
ventilation or inhdation of fumes from indoor stoves. Improved nutritional standards, for
example through food supplementation programs for young children, can reduce both the
incidence and virulence of ARIs. Case management includes adequate diagnosis and
access to essential medicines for ARIS, especidly the bacterid pathogens, which can
often be treated with low-cogt antibictics, but which may be fatd if Ieft untrested. New
research and development is urgently needed to develop new and appropriate
immunizations for ARIsin developing countries. The new Hib vaccines and the even
newer pneumococca conjugeate vaccines must be tested for efficacy in developing
countries, and adjusted for target antigens appropriate for the pathogenic strains common
to the poor countries.  The precise epidemiologica linkages between nutrition and ARIs
need further eucidation, in order to determine the specific forms of undernutrition or
malnutrition that are implicated in increased infectious diseases in the poor countries.

Vaccine preventable diseases. Though the range of vaccine-preventable diseases
islarge, these diseases are often grouped together in public health discussions because of
the common issues rdated to vaccine ddivery. All vaccines share issues of safety,
ddivery systems, financing, and concern over the extent of community coverage. In
most cases, for example, if the vaccine coverage is sufficiently high, then the vaccine not
only protects the individua recipient of the vaccine, but also has an “epidemiological”
function of bresking the chain of epidemic transmisson within the community & large
(thus reducing the risks subgtantialy for the norrimmunized population as well).

The stlandard package of vaccine coverage in developing countries is known as
the Expanded Program for Immunization (EPI), and covers six vaccines: diptheria,
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pertussis, tetanus, polio, BCG (for tuberculosisin young children), and meades. The
minimum god set for community coverageis a least 80 percent of the population, agod
which has been met by dl of the rich countries, and by many poor countries. The
evidence suggests, however, that coverage has declined markedly in many of the poorest
countriesin the past decade. A specid large-scde program to achieve full eradication of
palio is now underway. It is nearing completion, despite many obstacles however in
regions of military conflict in Africaand Asa

At the same time that coverage has declined in the poorest countries, awidening
gap has opened between in the kinds of vaccines available in the rich and the poor
countries. The EPI package has remained unchanged for more than a decade, while new
vaccines have been introduced into the richer countries as aresult of breskthroughsin
vaccine development. Thus, children in the richer countries are now routindy
immunized againg Haemophilus influenzae type b (Hib), Hepatitis B, varicela, and
recently pneumococcal conjugate vaccine for Streptococcus pneumoniae. Vaccines
agang yelow fever, hepatitis A, and Japanese encephditis are dso widdy availablein
the richer countries, but relatively little used in the poorer countries.

It is estimated that approximately 3 million people, most children, die each year
of vaccine-preventable diseases. Thisisacombination of undercoverage of the EPI
regimen, and lack of uptake of the new vaccines. If we count the deaths due to
pneumococca pneumonia, now preventable with the new pneumococca conjugate
vaccine, the number of vaccine preventable deaths would rise by another 1 millionto 1.4
million.

Disease Annua deaths worldwide (estimated)
Palio 720
Diptheria 5000
Pertusss 346 000
Meades 888 000
Tetanus 410 000
Haemaphilus influenzae b (Hib) 400 000
Hepatitis B 900 000
Yelow Fever 30 000
Totd 2979720

Source: GAVI (http://mww.gavi.org)

The main issues regarding internationa vaccine policy are financing, ddivery
(including cold storage and servicing by primary hedth centers), operationd research,
and development of new vaccines. With regard to finance, studies show that the
coverage of the EPI vaccines and the introduction of the newer vaccinesis clearly a
matter of income levels among other factors. XX percent of vaccines ddivered in Sub-
Saharan Africaare purchased by donors, and the traditiona donors have not been willing
or able to add Hib and HepB (and now pneumoccoca conjugate vaccine) to the list of
vaccines that they purchase on behaf of the poorer countries. The newly created Global
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Fund for Children’s VVaccines, established with a gift from the Bill and Meinda Gates
Foundation, will now make possible a substantia increase in vaccine coverage. Inthe
first round of grants announced in September 2000, it is estimated that 600,000 children
will receive vaccines that would otherwise not be covered. At the same time, however, it
is clear that vaccine ddlivery syssemswill need to be reinvigorated in order to achieve
these gods. The mere availability of the vaccine per seisinaufficient, asthe critica
supply chains (e.g. cold storage, access of the public to primary hedth centers) have
collapsed or have never existed in some places. Our costing exercises later in the report
offer estimates of the overal sums that will be required to expand vaccine coverage to
desred levels, in terms of the proportion of the population reached, and the list of
vaccines included in nationd programs.

Operationd research is urgently needed to investigate the epidemiology of key
vaccine- preventable diseases (e.g. to know the specific etiologies of diarrhea disease and
respiratory infection), and the efficacy in the poorer countries of vaccines origindly
prepared for the U.S., Europe, and Japan. Many of the key diseases targeted for
immunization have spedific vird sub-types or bacteria serotypes that might render a
particular vaccine ineffective in a developing country setting. For example, the
pneumococca conjugate vaccine licensed by the U.S. FDA is seven-vaent (i.e., uses
seven specific epitopes of the pathogen), but does not stimulate antibodies against two
key serotypes (1 and 5) which are thought be responsible for up to a quarter of al casesin
many developing countries.

Of course, we have noted in other sections of the report the need for more basic
R&D to develop completely new vaccines for mgor killer diseases— HIV/AIDS, mdaria,
TB, shigdla— and potentidly for hdminthic infections aswell. These needs, and new
gpproaches to simulating the necessary R& D are discussed at other points of the report.

Helminthic and tropicdl infections. There are probably well over 1 billion people
with heminthic infections, making these the most prevaent infectious diseasesin the
world. These diseases are often wrongly considered to be mild ailments, since direct
mortdity rates are low, but the debilitating effects are enormous and are probably grosdy
underestimated. Hookworm was known asthe “Lazy Germ” in the United States South,
because of its effects on worker energy, vitdity, endurance. Asageneral matter, the
long-term sequel ae of heminthic infections include anemia, nutritiond deficiencies, and
liver disease, potentialy serious consequences for overdl hedth, cognitive development,
and school attendance and completion rates. There are three mgor kinds of helminthic
infections. roundworms (nematodes), which include hookworm (ancylostomiags),
ascariagis, filariags, onchocerciass; tapeworm (cestodes); and flukes (trematodes),
including schisgosomiass.

Most of these parasites have complex life cycles, with an important part of thelife
cycle outside of the human host. Frequently there is awater-borne or food-borne
component in the disease transmission, and very often an intermediate vector host. Asis
typicdly true for infections with part of the life cyde outside of the human hogt, climate
isacritical dimenson of the disease epidemiology. Asagenerd rule, hdminthic
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infections are concentrated in tropical and sub-tropica climates, where warm weether
favorsthe transmission of the disease. For example, hookworm is transmitted when
hookworm larvee living in water or moist soil penetrate the skin of an individud that may
be bathing or walking barefoot through the area. The mature hookworm residesin the
intetine, and eggs are passed through the feces. The cycleis completed if the eggsfind a
warm, moist areain which the larvae can develop. The use of human waste as fertilizer
(night soil) for cropsis one pathway of transmission; the abosence of latrines for disposal

of human waste is another source.

Helminthic infections are ubiquitousin tropica settings because of an
insufficiency of preventative measures, treetment, and research into more effective
goproaches. Preventative measures include environmenta management, such as
sanitation to prevent untrested human feces from entering into water reservoirs or fidds,
and the dimination of the use of night soil asfertilizer. Vector control, such as
molluscides to kill the snal vectors that carry schisosomiass, may aso be effective. For
many of the helminthic infections there are rdaively low cost chemotherapeutic agents,
such as thiabendazole and mebendazole for roundworms.

Maternad and Perinatal Care. The WHO estimates that at least 585,000 women
die each year asaresult of complications from childbirth, and that severd million
newborns die aswell as the result of poorly managed pregnancies and ddliveries. Others
auffer life-long debilitation from nutritiond or traumatic shocks during pregnancy and
childbirth. Thus, in addition to the conditions of infectious disease that threaten the
aurviva and wellbeing of infants and young children, pregnancy and childbirth isitsdf a
time of profound risk which needs to be targeted through specid interventions.

The main types of interventions are clear, though priorities and moddities for
their ddivery are much less clear. Mothers need regular monitoring during pregnancy,
for nutritional and other stresses that can be life threstening to mother and child dike.
Nutritional supplementation is very often needed, as alarge number of pregnant women
suffer from anemia caused by iron deficiency. Births should be attended by skilled
obstetrical workers, to be able to provide emergency care as may be required, and to
prevent life-threstening infection and trauma that can accompany child birth. Specid
medica interventions during pregnancy and childbirth might include: nutritional
supplementation, including iron and other nutrients, maaria prophylaxis; anti-retrovira
therapies to block mother-to-child transmission of HIV; and precautions againgt neonatd
tetanus.

The urgency of increased careis evident in the following WHO data, which
measure for selected countries the estimated lifetime risk of materna death (from
pregnancy or childbirth), the proportion of births that are attended by a skilled attendant,
and the number of perinatal deaths (within one week of life) per 1000 hirths.

Country Lifetimerisk of illed attendant at Perinatal deaths per
materna death delivery (%) 1000 births
1 womenin:
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Chad 9 15 90
Ethiopia 9 8 100
Ghana 18 44 90
India 37 35 65
Pakistan 38 18 70
Yemen 8 16 70

Future progress will require the following steps, with varying priorities across
countries.

increased technica capacity for delivering expert assstance during pregnancy and
childbirth.

Epidemiologica research into reasons for high maternal and neonata mortdity
rates

operationa research into protocols for nutritiona supplementation, monitoring the
fetus during pregnancy, disease prophylaxis, reductions in mother-to-child
transmisson of HIV, c.

community based training of nurses and other community workersto assst
pregnant mothers and to attend to births.

Nutritiond deficiencies. It iswel appreciated that manutrition plays a
fundamenta role in economic under-development. Poor nutrition saps the physical
energy needed for carrying out daily tasks, especidly physica labor. Poor nutrition can
aso contribute to serious debilitation and increased vulnerability to other diseases,
especidly infectious diseases. Y et despite the critica role of undernutrition in poor
hedlth and economic development, the pathways from nutrition to hedth and economic
performance are surprisingly poorly eucidated in the poor countries. Recent discoveries
concerning the links from nutrition to hedlth in the developed countries — often supported
by detailed cohort data collected over years or decades — have not been matched by
samilar bregkthroughs in the developing countries.

It is common to distinguish three basic kinds of undernutrition: caoric (or energy)
insufficiency; protein insufficiency; and micronutrient deficiencies of various sorts. The
FAO makes egtimates of the extent of caoric insufficiency, which suggest that nearly 1
billion people have an inadequate dally intake of calories. Cdoric intake in Sub-Saharan
Africa averages an estimated 2,100 calories per adult per day, compared with around
3,400 calories per adult per day in the high-income economies. The average caoric
intake in Sub- Saharan Africa gppears to have declined dightly during the period 1980 —
1999. Micronutrient deficienciesinclude Vitamin A, Vitamin C, iron, iodine, and zinc.

Anthropometric indicators (weight for age, height for age, weight for height) are
often used as measures of nutritional deficiency. Such measures are important indicators,
as they have been shown to be predictive of cognitive and schooling performance among




other outcomes. Nonetheless, they should be handled with extreme care. Poor
anthropometric outcomes, such as stunting (low height for age), wasting (low weight for
height), and low weight for age (a combination of sunting and wasting), may be
indicators of dietary insufficiency, or instead may be secondary to infectious disease,
snce infectious diseases can lead to maabsorbtion of nutrients, diarrhes, or other factors
that cause bodily wasting even when the diet is adequate. Thus, poor anthropometric
indicators may or may not be reflections of poor diet as opposed to disease.

Severd studies have confirmed the linkages from undernuitrition to increased
vulnerability to infectious and other diseases, and poor childhood motor and cognitive
development. Maternd dietary insufficiency during pregnancy can leed to low-birth
welight babies with severe consequences for infant and childhood development. Maternd
iron deficiency can result in mentd retardation of the child. Adequate nutritionisvitd in
early childhood. Shortfalsin caories, protein intake, and micronutrients can have
lagting effects on growth and cognitive development. Iron deficiency anemia has been
negatively associated with cognitive tests of young children. As stressed earlier, poor
nutrition may be areflection of diet or a consequence of disease (such as anemiathat is
secondary to maaria).

Problems of undernutrition require both dietary improvements and better
treatment of infectious diseases (which in turn will lead to better nutritiond intake).
Interventions to improve diet include: specid food supplementation (e.g. during
pregnancy, mother-and-child programs, and school meal programs), improvementsin the
nutritiona content of foodstuffs (e.g. improved plant varieties; iodized sdt). Thereisan
urgent need for improved monitoring of nutrition levels. Various food subsidy programs
should be examined for their nutritional benefit and cogt effectiveness. Findly, asin the
other mgjor disease catogories, there are critica areas of basic and operationd research.
Badic research issues include the use of traditiona plant breeding and new
biotechnologies to enhance the nutritional context of staple products (such as vitamin-
enriched rice and maize). Operationd research should include, as a high priority, the
launch of large-scale cohort studies (such as the Nurses Study of the Harvard School of
Public Hedlth), to examine the long-term hedlth impacts of diet, and the interactions of
diet and disease, in the ecologica and economic context of the poor countries.

Ouitline: Severd kinds of nutritiona deficiencies: energy, protein, micronutrient.
Undernutrition can be secondary to infectious disease.  Anthropometric indicators; other
indicators. Consequences of undernutrition: immunosuppression; increased mortaity
risks associated with diseases such asmeadesor ALRI.  Range of interventions. prenatal
supplementation. Vitamin A and other micronutrients. The role of schools (e.g. school
med programs)

Tobacco-rdaed illnesses. Tobacco related illnesses were responsible for around
4 million deaths worldwide in 1998, and current epidemiologica estimates suggest that
thiswill rise to around 8 million deaths in the next twenty years. Around two thirds of
the 4 million tobacco- reated deaths are in developing countries, with the following
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breakdown for the low and middle-income countries estimated by the WHO (1998
degths, in 000s, http://tobacco.who.int/en/hed th/burden.html):

China 913

Other Western Pacific 64

India 383

Other South and Southeast Asia 197
Europe, low and middle income 735
Eastern Mediterranean 182

Africa 125

Americas 168

These deaths, due to lung cancer, cardiovascular diseases, stroke, pulmonary diseases,
diabetes, and other conditions associated with tobacco use, impose an enormous
economic cost on individuas and society, and often would require medicd interventions
well beyond the ability to pay of poor peoplein poor countries.

While much tobacco rdated illnessis“sdf inflicted,” the result of individua
choices to use tobacco, it isapublic hedth priority for severd reasons. Firg, the
behavior is addictive, and the tobacco industry spends billions of dollars per year to try to
foster the addiction, including among young children. It has especidly targeted many
fast-growing developing countriesin this campaign in the past decade. Second, a
ggnificant burden of disease results from passive smoking (or secondhand smoking),
where individuas are forced into contact with tobacco smoke of others, for example
children who suffer from bronchitis as aresult of passve smoking. Third, the behavior is
often started or sustained without the tobacco user knowing or understanding the risks.
Fourth, the tobacco-related illnesses may impose high financia costs on the rest of

Society.

From adeveloping country perspective, prevention of tobacco illness through
reduced tobacco use is the prime objective of public policy. Four areas of prevention
have demongtrated effectiveness:

Pricing and taxes. smoking is a price-adtic activity. Higher cigarette prices
reduce the demand for cigarettes. Therefore, government taxation is an effective
means of reducing tobacco usage and tobacco related illness

Advertising and Sponsorships: tobacco use is susceptible to powerful advertising
manipulation, often amed a vulnerable youth. Many countries have reduced
tobacco use through bans on tobacco advertising, or tobacco-industry sponsorship
of public events.

Consumer Information: tobacco use can be reduced by better information to
individuals about the risks involved. Many countries have required warnings, and
introduced public education campaigns on the risks of tobacco use. Since such



information campaigns are public goods (with little or no private gain to be made
by improving the flow of information), they are a public respongihility.

Smoking Redtrictions. the dangers and inconvenience of secondhand smoking
have led to the introduction of bans of smoking in public areas, airplanes, offices,
and other locations.

IV. Organizing the Fight Against Disease

Contralling the disease burden in the poorest countries will require a suitable
drategy and adequate financial resources. We know from painful experiencethat itis
easy to declare internationa goas for hedlth, but much harder to achievethem. The
internationd sceneis littered with failed gods— such as hedth for al by the year 2000 —
or goasthat seem to recede as time passes — such as having infant mortdity rates by two
thirds by the year 2015. The international community comes out with abold
pronouncement, but then fails to follow through on strategy, organization, and finances,
asif these gods could take care of themsalves. Of course, there are also notable success
dories, the grestest of which is the eradication of smalpox, but aso greet triumphs such
as the imminent eradication of palio, the control of onchocerciass, the tremendous
reduction in leprosy and guineaworm, and others aswell. Each of those was
characteristed by a sensible scientific approach, backed by effective technologies, and
critically supported by an organization strategy and adequate international donor support.

The task, to be sure, isnot an easy one. The “production” of good hedth isnot a
smple mechanica process. It does not depend solely on the medical system — on the
availability of doctors or medicines or clinics or hospital beds. Good hedlth is produced
through a complex interplay of actions within the household, in the local community, in
a the nationd leve, and in the internationa community. It is produced through actions
of the public, private, philanthropic, and NGO sectors. It requires the effective
coordination of vast numbers of people to work. This coordination requires, first and
foremost adequate financia resources, to give the needed incentives to various hedlth
suppliersto do their work. Rich countries, therefore, find ways— mainly through vast
expenditures of funds— to overcome the organizationa obstacles. Poor countries,
generdly, do not. Internationa donor support is therefore vital, but the need for large
internationa flows of donor money of course raises tremendoudy important issues of
monitoring, accountability, and design of efforts.

Thefield of public hedth is dso a battleground of ideologies. Should disease
control be organized according to disease (the so-called “vertical” approach) or according
to the effective provison of awide range of services a the locd level (the so-cdled
“horizontal” approach)? Should public hedlth be provided mainly by the public sector, or
the private sector, or the public sector with contracting of private service providers?
Should poor people be required to pay for services, to promote cost recovery and
program sustainability, or should poor people receive hedlth services for free? Should the
international community provide mainly technica support, and perhaps start-up funding
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for control efforts, or should the internationad community provide substantia and
sugtained financing of hedth systemsin poor countries, for up to ageneration, or even
more? Should internationa efforts be coordinated among donors, in an overdl srategy,
or should donors act in a decentrdized fashion, funding individud projects of their
choosing? Should programs originate from the “bottom up,” with lots of community
“ownership,” or should initiatives originate from the top down, by internationd
agreement of governments and multilatera inditutions? Let ustry to shed somelight on
these tendentious issues.

A. Vertical versus Horizontal Programs

Verticdists assart that the mgjor diseases— mdaria, HIV/AIDS, TB, and so forth
— require separate campaigns to be effective. Smalpox or polio eradication, they point
out, was not achieved by a generd improvement in hedth services, but by an extremely
targeted control effort, dmost amilitary campaign in focus and organization. ™
Successful efforts require top-down organization, sngle-minded resolve, and hierarchica
accountability, and thiswill be true, say the verticdigs, in cases like mdaria contral in
Sub-Saharan Africa, the extenson of DOTS coverage for TB, and an effective program
of HIV/AIDS control.

The horizontdigts shake their headsin dismay. While they acknowledge that
specific interventions can sometimes be effective — especialy when there is a narrow
geographica target (such as mosquito clearing in the Panama Cand zone) or a“magic
bullet” to control the disease such as an effective vaccine — good health generaly requires
amuch richer interplay of individuass, families, communities, and nation. Diseases
interact, so that malaria control, diarrheal disease, and acute respiratory infection come as
a“package’ in poor communities. A top-down approach frustrates community control,
reduces the synergies in hedlth delivery when severa interacting diseases are present, and
generdly reduces rather than increases the sustainability of hedth care provision.

We view this debate as mostly misguided, and by now largely sterile. Both Sdes
areright. The verticdists are 100 percent correct that disease control requiresa
considerable amount of top-down coordination and supervision, especially to ensure the
provision of many kinds of public goods that are well beyond the capacity of the local
community. Effective control efforts require, among other things: training of large
numbers of experts; acadre of epidemiologists and other specidigts that understand the
details of the particular disease within the nationa context; mechanisms for preventing or
controlling the spread of disease between communities;, operationd research to
understand the best protocols for disease control; long-term research for the devel opment
of new control technologies, and mobilization of resources and political and logitica
support from beyond the medica  sector (such as for mosquito control operations, or the
digribution of condoms to sex workers, or the provision of vitamin supplementation in
schools).  All of these tasks are way beyond the competency levels of communities or

15 | ndeed the lore of the verticalists points out that it was single-minded resolve of military men that led the
original eradication efforts of yellow fever and malariathat permitted the building of the Panama Canal.
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sub-nationd digtricts, and in many cases well beyond the compentency of individua
poor-country governments.

On the other hand, the horizontdigts are utterly correct thet in the fina andyss,
mogt actud hedlth provision takes place a the community or even household levd. If a
mother doesn't avail hersdf of primary hedlth services because she doesn't recognize the
dire symptoms of her child, or if the primary hedth dinic (PHC) doctor is never available
because he' s off in his more lucrative private practice, or if the community does not take
the necessary locdl actions to fight malaria (draining or larviciding breeding grounds,
spraying houses, using bednets), then al of the top-down programs will come to naught
when the time arrives for red hedth delivery, not just plans on paper.

The verticaists dso make another point that bridges the two camps. Vertica
programs can create horizontal, community-based competence in the long-term.
Veterans of the smallpox eradication effort — perhaps the ultimate case of verticd
intervention -- remind us thet the smallpox campaign left behind along-term community-
based capacity in primary hedth, through the training of the village-level workers that
participated in the smdlpox campaign. The sameisevident in DOTS, wherelocd
community groups engaged in tuberculos's case management become the core of amuch
broader set of community-based primary hedlth activities.

We therefore support, in the most genera terms, a matrix organizational design,
in which mgjor disease categories have distinct organizationa structures within countries,
but in which those structures are cross-cut by strong horizontal public hedth activities
(primary hedlth centers, community education) a the various levels of hedth ddivery
(primary, didrict, Sate, nationa). For example, a“maariaczar” operating within the
Minigtry of Hedth would have ateam of mdaridogists working at the nationd leve
(carrying out training, operationa research, epidemiology, monitoring and evauation of
programs), supported by malaria-specific teams at didtrict level. These didrict-leve
teams would have expertise in vector control, epidemiology, and case management.
They in turn would supervise efforts a the local level. Primary hedth providers, to be
sure, would still be the main point of contact for households facing an episode of
suspected maaria, for diagnosis, treatment, and emergency referra to ahospitd if
necessary. Community organizations would gtill be responsible for expanding the use of
bednets or for loca environmental controls (Spraying, larviciding, drainage of breeding
gtes), but under the supervison and guidance of didrict leve officers.

Aninformd review of countriesin Sub-Saharan Africaand Asa suggests thet this
kind of matrix approach does not now exist, or exists on paper only. In large parts of
Africa, mdariacontrol efforts have virtualy collapsed during the financid crises of the
past 25 years. There are few maariateams at the nationd leve (or at least few with
budgets and staff), and till fewer specididts, if any, a didrict level. The same,
surprigingly, istruein India, where despite a considerable formal structure of public
hedlth, there are virtualy no entomologists or maariologists operating in most districts
around the country. Mdariaspecidigsin Indiabelieve that the incidence of mdariamay
well be 50 times greeter than actually reported, so collgpsed is the system of nationd



monitoring (and so serious has been the resurgence of madariain recent years). This
same problems apply to the other disease categories, such as HIV/AIDS, TB, vaccine
preventable diseases, and nutritiona deficiencies. In each case, we would suggest a
vertical structure within the country that intersects with the broad-based public-hedth
delivery & locd, didtrict, and nationd levels.

B. Public versus Private Health Care Delivery

Mog hedth sysemsin the world rely on amix of public and private suppliers,
where the private suppliers are aso subdivided between a profit-oriented sector and a
not-for-profit sector that includes church provided health care, other NGO based care,
and philanthropic indtitutions that subsidize hedlth services. One of the key questions for
effective disease control policiesin poor countriesis how to baance the provision of
services between these two sectors.  We believe that in poor countries thereisamgor
role for the state in the direct provision of public health services, one that cannot be
substituted by the non state sector or by state contracting with private organizations.

There are two overriding reasons for alarge public (governmentd) rolein the
provision of public hedlth in poor countries. First, a considerable amount of public hedth
provision depends on public goods, thet is, goods that are not readily provided by private
markets because of lack of profit motive or lack of property rights, or goodsin which
private provision is possible but would be highly inefficient. These goods are best
provided by the State, or with state subsidization. Second, public hedth interventions are
merit goods, that is goods that afair and decent society should make availableto dl of its
members, even those that are too poor to afford them out of their own incomes. State
support for merit goodsis bascdly re-digtributiona in character. The casefor treating
hedlth care as merit goods goes beyond smple mordity, though. We have seen that by
helping the poor to gain access to better hedlth, the cycle of poverty may aso be broken,
S0 that a one-time public subsidy (say over the course of one generation) may produce a
permanent improvement in economic conditions that obviates the need for such re-
digtributive actions in the future.

Public goods are pervasive in public hedth management, in areas such as. basic
scientific research, operationd research (designing protocols for disease control), disease
surveillance, control of epidemic outbreaks, environmental management (e.g. mosquito
Spraying, water qudity control, limitation on leaded gasoline), and training of specidists
to perform these tasks. 1n each of these activities private providers could not easily be
compensated for the full socia value of ther activities. Even in cases where property
rights can theoreticaly be assigned to give necessary market incentives, the assgnment
of such property rights may be very inefficient compared with direct public provison.
For example, if basic scientific discoveries were patentable, there might be more basic
scientific research undertaken by the private sector, but the fruits of that research would
then be underutilized by society because basic knowledge would be held as a
government-protected monopoly. Asaresult, patent laws have generdly barred the
patenting of basic scientific discoveries, and the government has been alarge backer of
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basic scientific research. (Note that the United States will spend around $90 hillion of
public funds in the year 2000 to support basic science. The Nationd Ingtitutes of Hedth
will account for nearly $20 billion of that).

One mgjor category of public good isthe control of communicabledisease. In
generd, when an individua takes an action to reduce the chance of contracting a
communicable disease (say, by getting an immunization), there isadirect effect of
persond protection, but dso a spillover effect in reducing the risk of spreading the
infection to the ret of the community. Thus, it has been shown that by immunizing 80
percent of an urban population againgt meades, the other 20 percent of the population are
generdly protected againgt a meades epidemic. (The protected 80 percent break the
chain of transmission to the rest).

Unlike immunizations, which at least protect the individua no matter whether
others are dso immunized, some kinds of protective actions only work for the individud
when mogt of the community is also taking the same actions. Thus, as we mentioned
earlier, the use of insecticide-impregnated bednets is highly effective for the individua
user only if ahigh proportion of the overal community isaso usng bednets. Thisis
because widespread usage serves not only as mechanica protection againgt biting, but
a0 serves to reduce the proportion of mosguitoes that are carrying the malaria parasite
(and thus that are infective). If we think about maaria incidence as depending on the
entomologicd inoculaion rate (EIR) -- the product of number of bites per individud
times the probability that any individud bite isinfective -- an individua bednet user gets
the benefit of reducing the first term of the product, while a community of users gets the
benefit of reducing both terms. Many environmentd interventions, such asdraining
ditches to diminate malaria breeding Sites or keeping latrines clear of village wells, share
the same phenomenon: they are effective only when the entire community participates.

When individuas take decisons on their persond hedlth actions— such as
whether to get immunized, or whether to use a bednet — they generdly do not consider
the effects of their actions on the community at large. That is, they impose externdities—
ether postive (favorable) or negative (unfavorable) — by their actions that are not
factored into their individua incentives. We can predict, for example, that the purely
decentralized actions of individua citizenswill lead to the underutilization of vaccines
and the underutilization of bednets relative to the socid optimum. One mgor type of
public good is the intervention of the tate to reduce or iminate these externalities,
generdly by changing the incentives thet individualsface. Oneway is through
regulation; some governments, as in the United States, require immunization coverage as
acondition for school attendance. Another way is through state subsidy, such asthe free
provison of immunizations or bednets.  Such examples can be multiplied many times.
Governmentsin rich countries require immunizations, provide public interventions to halt
epidemics, provide surveillance of epidemicsto guide public interventions, subgdize or
fredy didtribute vaccines or trestments; ingst on environmental measures to reduce
disease transmission (such as hygienic standards); and so forth.  Poor country
governments often aim to do the same thing, but typicaly without the requisite resources.



In very poor societies, governments should aso seek to provide health services
that poor households cannot afford on their own.  An extensive and well-documented
history of health interventions shows that when very poor households are forced to pay
full cogts for the hedth services that they consume, they cut back sharply on their use of
hedlth services, and dso shift to lower qudity hedth providers. Very often they revert to
low-cogt traditiond hedersthat offer no red benefit in controlling disease, but often take
whét little financia resources the household has for disease control.

The problem is greatly exacerbated by the basic, but pervasive fact, that most
people, and poor people particularly, lack the technica knowledge to know what kind of
hedlth services they need. A fundamentd “asymmetry of information” exists between
doctors and the lay population, causing the “market for medicd care’ to befar less
efficient than other markets. Doctors can prescribe things that patients don't need, or fail
to provide things thet patients do need. Households can't easily judge whether to seek
medica help, and if S0, of what kind. The information needed to make such decisonsis
itself a public good, and will generdly be underprovided. Thus, households will not
know very cdearly which doctors or hospitals or procedures are medicaly effective and
which are not.

The 1980s and the 1990s has provided one sobering case after another of the dire
limitations of “cogt-recovery mechanisms’ gpplied to hedlth care for very poor
households. When most of the world's poor and middle-income countries fell into debot
crisgsin the early 1980s, one of the responses of the creditor community was to push
these countries into cutbacks in budget outlays, including cutbacks in budgets of hedth
ministries. Poor countries were encouraged to make their hedth systems “ sustainable”’
by charging user fees to cover the costs of operations. Often, for example, households
started to be charged for the medications that were prescribed at primary health centers.
Thisisan experiment that failled in the poorest countries, as alarge literature now
documents. Poor households cut back sharply on their utilization of public heglth
sarvicesin the face of these user fees. Budget cutbacks aso severely constricted
community action programs, such as environmental measures for maaria control (e.g.
household spraying, and drainage or larvaciding of mosguito breeding grounds), or
surveillance and interventions in control of epidemic diseases. When the centra
government cut back on the free provison of these services, loca communities were
completely unable to compensate out of local resources.

All of these cases suggest that poor households require a very high degree of
subgdization of hedth services, including full subsidy in the case of very poor
households. There are important choices to be made in how that subsidization might be
carried out. Should the public sector be the sole provider of hedth services, providing
them below cost for poor households? Should the public sector be a“ provider of last
resort” for the poor, while the private sector offers hedlth services for the parts of the
society that can afford to pay the full costs of health services? Should the public sector
provide the subsidies by contracting with private service providers, so that households go
to private doctors and clinics, which in turn are reimbursed by the state? Should
subsidies be generdly applied to the community, or targeted to low-cost househol ds?
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Note that targeting can work through a means test (households qudify by registering that
they are poor), or by sdf selection (the public hedth system provides alower quality of
service — perhgps in the form of longer waiting times -- so that the poor households sdif-
select as users).

The gppropriate answers will differ by context, but we siill fed able to offer some
genard guiddines. We believe that direct public provision of health services for poor
households is necessary, through a public system of primary, secondary, and tertiary
health-care providers. Some of the non-medical services provided by the public hedlth
system may be privately provided (as when hospitals contract with private suppliers of
linens, food, cleaning services), but the core hedlth services should generdly be provided
by state-financed providers. Thisis because the system in which the hedth services are
privately provided but publicly subsidized is fraught with very high costs of contracting,
monitoring, and qudity control, which are especialy high when the population to be
sarviced is very poor, often illiterate, and generdly less able to defend their own rightsto
hedlth care access and quality. As governments impose limits on their payments to the
contractua service providers, poor households are very likely to be squeezed out of
access to public hedth services.

At the same time, we generdly believe that non-state hedth-care providers should
be free to operate dong side, and in competition with, public providers. The private
providers would include for-profit providers as well as not-for-profit religious, NGO, and
other philanthropic providers of hedth services. In most poor countriesthisis dready the
case, so there could hardly be areturn to a pure state- provided modd if such ever existed.
But asde from private provison being afait accompli, it is generaly dedrable as well.
The non-state sector offers competition, and a market yardstick, for the state sector. Itis
acrucid safety valve when the state sector breaks down. It offers amechanism of sdlf-
selection for targeting state subsidies to the poor, since the for-profit sector may offer a
higher qudity of service than the state sector, alowing richer households to self sdlect to
the more expengive, but higher-qudity services.

The state-run system should have two preeminent responsibilities within amixed
public-private system. Firg, it should guarantee thet al of the public-goods aspects of
hedlth care and disease control are being met. Thus, the Sate system rather than the
private system should have responsbility for areas where “mass action” is needed:
immunization coverage, environmental controls (e.g. controls on mosguito breeding,
water qudity), survelllance and interventions for control of epidemics, community use of
bednets, community education, quality assurance, and the like. Second, the state system
should gurantee the availability of hedth servicesto dl, especidly the poorest who will
be priced out of the private market. Targeting of households for subgdization within the
state-run system, such as through means testing, should be used very sparingly if at all.
Means tests are codtly, difficult to administer, and subject to administrative and political
abuse, especidly in very poor countries where adminigirative sysems are very week.
Many poor people are likely to end up being denied services atogether, as experience has
repeatedly shown. A much better mechanism is partid sdf sdection in which richer
households opt for the private sector providers of health services.



Aswe dress in the section on hedlth care financing, the pardld operation of
public and private sectors imposes a rigorous market congtraint on the salaries that the
public sector must pay its own hedth workers. In awholly state-run system in aclosed
society (such as aone-party socidist state that prevented migration), the public sector
may be a monopsonigtic buyer of hedlth services. That is, as the sole employer of doctors
and nurses, the state may be able to procure doctor’ s services at bel ow-free-market
wages. When the private sector operates along side the public sector, or when doctors
can migrate internationaly, however, the sate is no longer amonopsonist. If it
underpays its doctors (as most public health sysemsin poor countries now do), they will
leave for the private sector, or leave the country entirely, and the public system will be
left as an empty shell. Indeed, the complaint throughout the developing world is that the
primary hedlth centers may be standing, but the doctors are not available, sncethey are
off in their private practices or have long ago |eft the country.

In our increasingly globaized economy, doctors from Africaand Asaareleaving
the poorer countries in droves, ending up in thericher countries within the region, or in
the ail-kingdoms of the Middle East, or in Europe and the United States (where they
often service inner-city hospitals as interns and residents). In parts of Africaand South
Asa, haf or more of agraduating medica school class departs quickly for the richer
countries. In short, in today’ sincreasingly globdized economy, the salaries that public
hedlth sysemsin poor countries will have to pay their doctors will be determined not just
in their own private sectors, but actudly in the markets of the richer countries.

C. Global Public Goods for Disease Control

Mogt of the public goods that are needed for disease control can be provided at
the loca or nationd level. Some public goods, however, require internationa effort.
Thisistrue, for example, when communicable diseases cross nationa boundaries, so that
cross-bordcr cooperation is needed. Similarly, international efforts are needed to
maintain data bases on globa hedth and to identify and diffuse internationa best
practices in hedth management. Not surprisingly, such functions have been assgned to
multilatera indtitutions, especidly the World Hedlth Organization. Perhgps the most
important globa public goods, however, are the research and development efforts needed
to address the health problems of the poorest countries. Such globa public goods,
however, remain grossy underprovided.

Theinnovation processinevitably involves amix of public and private goods, no
matter whether it is addressed to problems of rich countries or of poor countries. Thus, in
the rich countries, progress in the fight againgt cancer, cardiovascular disease, and other
mgor killers, depends on amix of public and private spending, and a complex set of
indtitutions to establish gppropriate incentives for innovative activity. Asagenerd rule,
basic science is undertaken in public laboratories or in academic ingtitutions supported
with public funds. NIH funding in the United States is now nearly $20 billion per year,
supporting both intra-mural research (inside NIH) and extra-mural research (outside NIH,



mainly in academic indtitutions). Applied product development, such as new vaccines
and pharmaceuticals, build upon the basic science through an extensive and expensive
process of drug identification and testing. Mogt of this applied activity is undertaken by
private firms, especidly large pharmaceutica companies and smdler biotechnology
companies. Though very expersive, it is driven by the expectation of profits protected by
patent rights on new products. In the United States, for example, dl drug trils must go
through three phases. Phase | to test mainly for safety; Phase 11 to test for biological
response in alimited trid (e.g. immunogenicity of avaccine); and Phase 1 isto test for
efficacy in alarge sample population. These trids may cost tens of millions or hundreds
of millions of dollars per each product developed.!® Successful drugs, however, may be
worth billions of dollarsin subsequent profits.

Note that thereisagloba coordination problem involving basic science. The
returns to basic science are available to the whole world (Since basic science, typicdly, is
not protected by patent rights), but basic science is financed mainly by individua
governments. No individua government has the incentive to invest up to the socidly
optimum scdle. 17 Fortunatdly, there are afew very big countries (especialy the United
States, but also Japan, United Kingdom, France, among other) that regp enough benefits
within their own borders, and enough cross-border cooperation within Europe, to ensure
high leve of overdl support for basic science.

Thereis dso abasic incentive problem at the stage of gpplied drug devel opment.
To the extent that prices are determined by government regulation rather than by the free
market, a developer of anew drug faces the risk that government price controls will
deprive the producer of the returnsto its development efforts. Congder the following. A
drug with a potentid market of 10 million doses might cost $100 million to develop, and
$10 in margina production costs per dose. At amarket price of $20 per dose, the
company would recover both the R&D and the margind production costs. But suppose
that after $100 million of R&D, and after the drug is developed, the government
regulaor limits the market price to $12 per dose. The pharmaceutical company will il
produce and supply the drug (since $12 is grester than the margina production cost of
$10) but the company will end up losing $80 million overal, because it will not recover
itsR&D outlays. Of course, if the company anticipates this action, it will not undertake
the R&D inthefirg place. (And if the socia benefit of the drug is $30 per dose, society
will have punished itself heavily by virtue of the “protection” of public regulation of drug
pricing). Thisincentive problem is overcomein practicein two ways. Firg,
pharmaceutical price are set mainly by market forcesin the United States. Itisno
accident that the U.S. market therefore supports amuch larger level of applied drug
development activity than the European market, which isrife with government regulatory
controls on pricing. Second, of course, even in countries with government regulators, at
least some care istaken to dlow pharmaceutical producers to reap the returns of R&D.

18N ote that account should be taken of the failures as well as successes of candidate productsin calculating
the costs per successful product. See Demasi (1999) for details.

The socially optimum level of investment is at the point where the incremental social returns for the

whole world equal the incremental investment outlays. Each individual government, however, islikely to
compare the incremental returns for the country itself with the incremental investment outlays.
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In sum, through the combination of government laboratories, grants to academic
centers, patent- protected R&D by private firms, and (at least some) free-market pricing of
pharmaceutica products, the rich countries have solved the basic incentive problems of
R&D -- with regard to the types of problems targeted by the rich country public and
private sectors. While the incentive problems facing R& D probably probably lead to an
under-investment in hedth R& D rdative to the socid optimum,® the levels of R&D
outlays, and the rate of innovation, are nonethelessimpressve. Globa R&D in hedth
research, counting public as well as private outlays, is well over $60 billion per year, and
probably 95 percent of that is undertaken within the U.S., Europe, and Japan. The
problem, though, isthat the vast mgjority of the world research effort is focused on
problems afflicting rich-country populations, such as cancer and cardiovascular disease,
and very littleis directed at the problems specificaly facing poor countries, such as
tropical infectious diseases. It is estimated that of the [1,300] new products brought to
market by rich- country R& D efforts over the [25] years, only [4] products were directed
mainly to tropica disease problems. (cf. MSF, 2000).

Thisis not to say that poor countries lack any benefits of R&D. They benefit to
the extent that they share the same health problems asthe rich countries. Thus, poor
countries can generaly make use of immunizations and drugs that are indicated for
problems not specific to rich countries or poor countries. The problem in those cases is
that patent- protected prices are often too high to enable their use in poor countries.

When diseases are heavily concentrated in poor countries — such as tropical

infectious diseases -- the incentives for R&D are extremely weak, both at the stages of

basic science and applied product development. NO poor country can afford to support
very much basic scientific research, and even in combination these countries lack the
resources to finance very much basic research. The combined GNP of the [40] countries
with holoendemic maariais around $300 billion, only around 3.0 percent of U.S. Gross
Nationa Product! The incentive problems facing applied product development may be

an even more serious congraint. The market for drug products in poor countriesistiny
compared to the markets in the rich countries. And most of the drugs are purchased and
digtributed by governments, often with donor support (snce households lack the
purchasing power to make the purchases themsalves). The free-market purchase of drugs
is miniscule compared to the purchases in the rich countries. Since most sdes by
pharmaceutical companies to poor countries are therefore made to officia agencies

(either the government or internationa agencies such as UNICEF), which bargain for low
sales prices, the pharmaceutica companies have come to expect that they can not earn
money on drug sales to poor countries. In severa cases, recently, they have decided to
give drugs away at cost or even for free.

All of this means that poor-country problems are neglected by global R& D, both
at the stage of basic science and at the stage of applied product development. Estimates
in the mid- 1990s suggested that total R& D for maaria, for example, totaled just $50 —

18 See Murphy and Topel (2000) for arecent analysis arguing that R& D in health is below the social
optimum.
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100 million per year, perhaps one-tenth of one percent of the globd R&D effort for a
disease that is respongble for two percent or more of the total disease burden. Since
R&D isvitdly needed and highly promising, new public policy gpproaches are needed.
Approaches to date have focused mainly on support for basic science (through rich
country support for research), and modest subsidization of product development efforts
(such asthe $X million committed per year to maaria research under the MMV program
of WHO). But these efforts have continued to underemphasi ze the expense and
complexity of the product development phase, and the profound lack of incentive faced
by the pharmaceutica industry for product development for poor-country problems.

What is needed at this point, more than anything e, is the confidence of the
pharmaceutica industry that they can earn profits by developing products for poor
countries. One approach would be massive subsidization of product development. But
since donor agencies cannot really decide on the scentific viahility of individud
candidate products, and cannot redly monitor the internal R& D efforts of individua
companies, it ssemsthat thisroute is flawed (at least as the exclusive strategy). Lots of
money could be given to companies for ingppropriate products, or to support R&D that is
not truly focused on poor-country problems (except on paper). The companies would
gtill lack the incentive to bring products al the way to market, snce they would not
believe that there is actudly much of amarket at the end of the process.

Subsidization of product development should be combined with commitments by
the internationa community to creste a viable end-market for new products developed for
poor-country problems. Thus, the donor community, for example, could commit now to
purchase an effective mdaria vaccine a aredidicdly high price to spur profit-oriented
R&D activity. If the donors announced that they will guarantee to pay $10 per dose for
25 million doses of an effective maaria vaccine, the promise of a guaranteed market of
$250 million per year for such a product would provide a market inducement for the
needed applied development effort. In the jargon, subsidization of R&D istermed a
“push mechanism” for drug development, while guaranteeing an end- market for anew
product is called a“pull mechanism.” Our argument is that both push and pull
mechanisms are needed.

D. Accessto Essentia Medicines and Intellectua Property Rights

For many diseases, the problem is not the under-provision of R&D, but rather the
lack of poor-country access to existing technologies. Under-provison of R&D is
characterigtic of diseases that are concentrated in poor countries (e.g. maaria). Lack of
access, by contrast, is aproblem for diseases that are found in both rich and poor
countries (so that rich-countries undertake the needed R& D), but where the poor
countries are smply too poor to buy the products devel oped for the rich-country markets.

Immunizations have been a clear example of the problem in the past twenty years.
Vaccines introduced since the 1970s, for example Haemophilus influenzae type-b (Hib)
and Hepdtitis B, have become routine in the rich countries, while being priced out of the
market of the poor countries.  The result is that an estimated 400,000 children die each
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year of Hib infection, even though alow-cogt vaccineis potentidly available. The case
of anti-retrovird thergpies (ARVS) for HIV/AIDS is of course even more visble in public
debate these days. New combination drug therapies, we have noted, can hold off AIDS
for years, perhaps indefinitely. And yet such therapies cost around $15,000 per year,
orders of magnitude more than the ahility to pay of poor people living in poor countries.

Access to essentid medicines involvesthree issues. Thefirgt is mobilizing donor
support to purchase pharmaceutica products for delivery to poor people in poor
countries. The Globa Fund for Children’s Vaccines, for example, amsto narrow, or
close, the gap between the rich and poor countries in terms of access to immunizations.
The second is establishing appropriate protocols for the use of pharmaceuticals within
poor countries. Account must be taken of the specific epidemiology of the disease, the
logigtica problems of health care ddivery (e.g. cold storage for vaccines, low compliance
of patients), the interactions of the specific disease with other diseases (e.g. the linkages
of the HIV/AIDS pandemic with other sexualy transmitted diseases, or the tradeoffsin
breastfeeding by HIV-positive mothersin conditions of Sub-Saharan Africa), the specific
sub-types of pathogens, and hence the design of drugs and immunizations, and so forth.

Thethird issue is one of drug pricing by the pharmaceutica producers. Even
when donors are responsible, in the end, for purchasing essentid medicines on behdf of
poor people, the pricing of the products will be key to access. In the rich-country markets
we accept the notion that new drugs should receive patent protection so that the
temporary monopoly pricing covers the cost of the R& D, thereby creating market
incentives for drug innovation. The patent protection resultsin market pricesthat are
above marginal production cogts, with the gap between prices and margind codts in effect
providing to the financia returns to the preceding R&D effort. (It isthe anticipation of
that gap by the pharmaceutica companies that induces them to undertake R&D for many
years before profits start to flow on a particular product).

We recognize and accept that patents create one distortion (temporary monopoly
pricing) to solve another problem (the difficulty of capturing the returns to innovation).
Poor people in rich-countries generally receive some form of state support to ensure
access to essentid medicines. With poor countries, however, the extension of patent
rights seems to create a problem without any countervailing benefit. On the one hand,
the patent protection establishes monopoaligtic prices for pharmaceuticass, but even with
monopolistic pricing the poor-country markets are too smal to spur much R&D by the
magor pharamaceuticas. In short, patent protection in the poorest countries may smply
establish monopoly profits without any benefit of increased R&D activity! (This point
has been made repestedly in the economics literature, for example by Panagariya, 1999).

From both an equity and an efficiency point of view, a ssgmented pricing strategy
— high pricesin the rich countries, to cover R&D, and lower prices for the poor countries,
to ensure access — seems warranted. The equity of such market segmentation is clear.
The efficiency of such an arrangement comes from the fact that the drugs should be
avallable to any buyer for whom the margind utility exceeds the margind production
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cost. Margina cost pricing thereby ensures greater access of the poor, and greater
efficiency in the digtribution of the product.

There are severa ways to promote margind cost pricing for poor countries. All
of these methods require that the markets between rich and poor countries should truly be
segmented, that is, the low prices in the poor countries should not be alowed to reduce
the market pricesin the rich countries — since to do so would undermine the fundamenta
incentive for the R& D necessary to bring new drugs to market in thefirst place. The
methods for segmenting the marketsinclude:

Tiered pricing by the pharmaceutical producers, with margina cost
pricing in the poor countries. Tiered pricing would be supported by
regtrictions on the re-sdle of drugs (especialy to rich-country markets)
that would undermine the pricing in the rich- country markets.

Voluntary licensang of production technology to producers in the poor-
country markets. The pharmaceutica industry would make the patent-
protected (and other) technologies available a low cost to producersin
designated poor-country markets. In this case, the rich-country
pharamaceutical companies would not themselves engage in marketing
their products in the poorer countries, thereby avoiding the need to
judtify tiered pricing to disgruntled consumers in the rich countries

(who might suppose that they, too, are entitled to drugs at margina
cost).

Rdiance on the importation of low-cost generics, from countries
where patent protection on the products do not apply.

Compulsory licensing'®, in which the poor country unilaterally assign
production and digtribution rights to loca producers, even over the
objection of patent holdersin the rich countries. Note that compulsory
licensing is an option open to countries under the World Trade
Organization rules, in cases of “emergency and extreme urgency,”
“non-commercid use,” and “public interest.” Procedurd requirements
for invoking compulsory licensing are set down inthe WTO rules.

We bdieve that margina cost pricing isindeed of extreme urgency in many cases, and so
would justify a compulsory licensing arrangement. Of course a confrontationa gpproach
with pharmaceutica producers may be less effective in the long term, in achieving low-
cost availahility of pharmaceutica products, than formaized arrangements for tiered
pricing and voluntary licensng of technologies.

19A “compulsory license”sis an authorization given by a national authority to a person,
without or against the consent of the title-holder, for the exploitation of a subject matter
protected by a patent or other intellectual property rights.



V. Financing the Fight Against Disease

For the past twenty-five years, the international community has made high-
minded pledges of support for public hedth in developing countries, but has failed to
follow through on the actions that would be needed to achieve the Stated goals. The
world community pledged to ensure “Health for All” by the year 2000. It dso set targets
for reducing infant mortdity by two-thirds and maternd mortaity by XX, but neither
target ison track. More recently, the international community has pledged to cut maaria
deaths by one hdf, and HIVV/AIDS cases by haf by the year 2010.

At the most fundamentd leve, the problem is one of money. These goads cost
money, and the poor countries lack the money to achieve the goas on their own. The
international community has provided much too little financid support to make the gods
feasble, hoping that policy reformsin the poor countries would be sufficient. To be sure,
achieving the targets a so requires policy reforms, sound Strategy, effective organization,
and politica will, but without the needed funding, al the rest will prove inaufficient.

This section is devoted to the question of financing agloba disease control effort.
The CMH will offer some rough estimates of the costs required for aredigtic fight
againg the killer diseases in poor countries, and of the alocation of those costs among
poor-country governments, poor-country households, rich-country donor governments,
and multilatera agencies. Our very early edimates are thet ared fight againgt the killer
diseases will require annua development assistance by the donor world of around $10-
$20 hillion per year for the low-income countries, sustained for at least one decade (and
perhaps two), and provided overwhemingly in the form of grants rather than debt-
cregting loans. The money must be redl, not headline-grabbing promises pumped up for
political effect -- red resources made available in an gppropriate and timely way, and at a
scale of support that will get the job done.

Thisleve of necessary donor support is vastly greater than the current levels.
According to the data collected by the OECD Development Assistance Cooperation
(DAC) Secretariat, the 1998 leve of officid development assstance (ODA) for dll
hedlth, nutrition, and population programs, from al donors, to al recipient countries, was
$3.8 hillion (see accompanying Table). This congtitutes around 7 percent of the total
ODA budget, and signifies gpproximately $0.82 per person in the developing world. Part
of this funding goes to the middle-income developing countries, so that only around $2.5
billion reaches the low income deve oping countries, around $0.78 per recipient. Of this,
$1.3 billion reaches the 619 million people living in the least developed countries
(LLDCs), amounting to around $2.15 per person.

All Donor Spending, 1998 All Recipients LLDCs OLICs LICs
($ millions)

All Health and Population 3837 1331 1237 2569
Basic Health (ALL): 1831 510 732 1243
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Medical Service 224 50 74 124

Basic Health (general) 1 0 0 0
Basic Health Care 340 126 112 238
Basic Health Infrastructure 204 59 60 119
Basic Nutrition 106 65 6 71
Infectious Disease Control 231 56 98 155
STD Control including HIV/AIDS 210 49 54 103
Health Education 12 6 1 7
Health Personnel Development 13 11 1 12
Reproductive Health 490 89 326 415
General Health (ALL): 1477 655 448 1102
General Health 188 75 97 172
Health Policy 1233 564 335 899
Medical Education 31 5 4 10
Medical Research 25 10 12 22
Health (not otherwise classified) 0 0 0 0
Population (ALL) 528 166 57 224
Population policies (general) 0 0 0 0
Population policies and administration 194 70 2 72
Family Planning 334 96 55 152
Personnel Development 0 0 0 0
Memo: Infectious Disease Programs 441 106 152 258

Theselevdsof ad, dight asthey are, vastly overdate the actud flows of funds
available for disease control. Part of the aid isfor population policies (e.g. family
planning), part isfor heath policy reform (under the rubric of “Generd Hedth”) and only
apart isfor supporting primary health care, including disease control (under the category
“Badsc Hedth”). Totd spending on Basic Hedth was less than half of the total ODA
under the Hedlth, Nutrition, and Population rubric, and total spending on Basic Hedlth for
the LLDCs was only around $510 million. Remarkably, spending for the least developed
countries specificaly for infectious disease control (including HIV/AIDS) was only $106
million in 1998, or roughly $0.16 per recipient. Even this pittance included money for
technica advisorsin the rich countries, reducing ill further the actua sums made
available to the poorest countries for the purchase of medical goods and services (eg. to
help buy pharamaceutical products or to help pay for doctors and nurses).

Perhgps most dismaying and puzzling of dl isthat despite the huge publicity and
anguish surrounding the HIV/AIDS pandemic, the actud donor support for STD contral,
including HIV/AIDS, in the second hdf of the 1990s averaged only around $100 million
per year for the entire low-income world (of 3.3 billion people). This amounts to around
$3 per HIV-positive individud per year in the poor countries, obvioudy not even a start
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at providing the financid base for treatment. Inexplicably, IDA made orly three
HIV/AIDS loansin the period 1990 - 98, and none in the years 1996-98.

Table 1. Overseas Development Budgets for STD control including HIV-AIDS
Least Developed and Other Low Income Countries (1990-1998)
Thousands of dollars

ODA loans from
World Bank

YEAR total total tied untied tech co-op total
1990 17,711 17,711 9,428 8,282 8,560 0

1991 35,938 35,938 16,310 9,296 10,332 0

1992 121,847 37,847 18,955 7,487 2,612 84,000
1993 42,073 42,073 31,490 3,226 3,070 0

1994 143,868 67,568 29,761 27,908 19,909 76,300
1995 114,779 74,779 21,086 28,644 21,807 40,000
1996 46,138 46,138 26,153 11,654 12,388 0

1997 80,786 80,786 44,640 20,108 16,048 0

1998 102,977 102,977 23,787 17,234 49,379 0

Source: OECD, Development Assistance Committee, Creditor Reporting System (CRS)

A. The Need for Full Costing of Health Provision

Effective hedth sysems are costly to run. Even when vaccines are extremely
inexpensive (afew U.S. cents per dose of DPT), or when drugs are donated for free to
poor countries, actudly getting these products to the needed recipients requires vast,
specialized resources. Many reports have stressed, for example, that the falling coverage
of immunization in many poor countries has much lessto do with the cost of vaccines
themsdves, and much more to do with the collgpse of vaccine supply chains, which will
be costly to reconstruct. When we analyze the costs of hedth coverage, we must take
into account the full costs of running the hedlth system — induding management,
monintoring, oversght, training, and so forth — and not merdly the “margina cods’ of
additional doses of medicine.

Our grategy for full-cost pricing isthe following. For each of the 10 disease
categories We are analyzing, we congruct a package of basc intervention measures and
an assumed rate of coverage for the population. We assume that primary, secondary, and
tertiary public hedlth facilities are operating with sufficient coverage to be able to supply
the basic package of interventions, and we estimate the costs of operating the public-
hedlth infrastructure in addition to the costs of each disease package. For mdaria, for
example, we propose the following package:

Vector control technology appropriate for local use (insecticide-

impregnated bednets (IBNs), resdua spraying of insecticides, larviciding and
drainage of breeding Stes, etc.)
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. Case management for uncomplicated maaria (blood smear or diagnostic
gtick in PHC, followed by prescription of gppropriate anti-maaria medication)

. Case management for complicated maaria (referrd to secondary or
tertiary trestment center)

Chemoprophylaxis for vulnerable groups (e.g. pregnant women)

Based on an epidemiologica modd of disease incidence, we estimate the costs of
these interventions for an assumed level of community coverage in holoendemic and
epidemic malariaregions. We must aso add in the costs of the necessary infrastructura
support, such as.

A nationd-level mdaria office within the Minidry of Hedth, for
management, monitoring, evauation of the national maaria-control program.

Didrict-leve hedth officers to support PHCs and didtrict-level hedth
fadilitiesin maaria case management

Didrict-level entomologists to support vector-control programs

Training programs for maaria-control officers and for primary-hedth care
providers

- Community education programs to explain and promote maaria control
efforts, including community control of mosquito breeding Stes, household use of
IBNs, and appropriate household responses in the event of amaaria episode.

An operationa research program at the nationd level, to examine
changing patterns of vector ecology (e.g. breeding sites of mosquitos; distribution
of particular vectors, changing vector behaviors regarding breeding, feeding, and
50 forth; entomological inocul&tion rates, susceptibility of vectorsto particular
insecticides); data management systems (e.g. use of GIS methodologies for
andyss and planning); review of case management protocols (e.g. prevaence of
drug resistance, success and falure rates of particular interventions).

In addition to such packages for each disease category, we need cost estimates for
running the basic hedth-system infrastructure itself. For this purpose, we take a set of
key assumptions including number of heslth facilities, doctors, supplies, management
support, operationa research, diagnostic laboratories, training centers, community- based
efforts, physicd infrastructure, and the like that will be needed to ensure widespread
access to the key preventative and treatment interventions. We aso make various
assumptions regarding the target population of these public hedth measures.

A key et of assumptions regards the costs of personnd in these hedlth systems. It
has been usud to take prevailing public-sector sdlaries for health workers as the basis for



the cost caculations. Thisisno longer tenable in most poor countries, snce public-sector
hedlth sdlaries often lag so far behind the private market that public facilities are unable

to recruit and maintain professond gdaffing. Often the doctors are available for free
service provison at the PHCs on paper only, and instead use the public facilities for their
own “private’ practice (charging fees for accessto ostengbly free facilities) or are not
available at dl for much of their scheduled time a the PHCs.  The rising codts of
atracting and maintaining quality hedth care workers is becoming more and more acute,
as doctors and nurses are increasngly able to migrate internationdly to find better
remuneration, or are able more easily to engage in private medicd practice. We therefore
make our cogt caculations based on rdlatively high, but therefore more redistic cogts, of
hedlth care provision.

TO BE COMPLETED:

[B. Esimated hedth benefits of the intervention programs. COVERAGE,
EFFECTIVENESS]

[C. Shareof coststhat can be met within the poor countries: ESTIMATES OF PUBLIC
RESOURCES AVAILABLE FOR PUBLICHEALTH ... PERHAPS 3-5 PERCENT OF
GDP MAXIMUM, ASSUMING FULL RELIEF ON EXTERNAL DEBT]

[D. Shareof cogts that should be provided by donors. COSTS OF MEETING
PROGRAM MINUS RESOURCES THAT CAN BE PROVIDED FROM WITHIN THE
COUNTRY]

E. New Approaches to donor assistance

Internationd assstance requires not only more funding, but new forms of ddivery
aswdl. Mogt participantsin internationa aid programs — recipient governments, donor
agencies, academic observers — emphasize that aid programs are characterized by
excessve fragmentation and much too little scrutiny by independent experts. Much of
the funding comesin unhdpful forms— such astied aid and unneeded technical
assstance -- rather the cash funding necessary to procure supplies and services. The
World Bank’ s own Operations Evaluation Department (OED) reviewed the Bank’s
concessiond lending projects recently (“Investing in Hedlth: Development Effectiveness
in Hedlth, Nutrition, and Population Sector,” 1999) and concluded that the projects were
too complex, often failed to meet their god's, and had too little monitoring and evauation
built into the projects to alow for much confidenceiin their effectiveness®

Some donor agencies notorioudy vie for turf, causing program duplicetion, very
high transactions costs, and often long delays. Another basic problem is that donor
support is only hephazardly linked to the world scientific community involved in disease

20 « Because of weak incentives and underdevel oped systems for monitoring and evaluation (M& E) within
both the Bank and borrower governments, there islittle evidence regarding the impact of Bank investments
on system performance or health outcomes.” (p. xii, “Investing in Health,” 1999).



control. Most donor programs are never independently scrutinized for consistency with
exiding scientific knowledge, and very few programs are ever given careful externd and
independent reviews. We have aready noted that World Bank programs do not build in
the kind of data collection and andysis that would be needed for proper oversight,
evauation, and re-design as necessary of Bank programsin the field. We know of many
circumstances in which flawed donor programsin the hedlth sector were designed for
political purposes within the donor country (for example to sall a product of a domestic
enterprise), or Imply were dlowed to go forward because of lack of scientific awareness
on the part of the donor agencies.

Appropriate programs for HIV/AIDS, maaria, and other disease control efforts
will require scientific expertise far beyond the levels avallable within the donor
organizations. The WHO has a pecid responsbility for mohilizing globa scienceto
strengthen donor funded programs. We suggest that WHO be given the lead by donor
agencies to coordinate and vet projectsin globa hedth policy. The WHO should
establish independent expert commissons for disease control in each mgor disease area:
maaria, TB, HIV/AIDS, and so forth. Each expert commission should be charged with
reviewing donor projects in the respective areas. Expert commissions would include
public hedlth specidists, medica doctors, vector biologists and ecologists (as necessary),
epidemiologists, and expertsin public heath management. Donor support should be
based, in significant part, on the judgments of this independent scientific expertise. The
expert committees would have rotating memberships to ensure independence of views,
and to minimize the risk that any globd effort is taken over by asmall group of
persondlities not subject to professona scrutiny.

F. Access to essential medicines
In view of the range of options in reducing drug prices for poor countries, and the
lack of clear priority among them, the WHO should propose to the international

community aset of internationa guidelines on pricing, voluntary and compulsory
licensing, and the use of generics, in internationd trade.

[VI. CONCLUSIONS TO BE WRITTEN]
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Technical Appendix. The Relationship between Health and Economic Growth

In this appendix we present forma modes of the linkages from hedlth to
economic growth. The modd can be used to illugtrate the economic wefare implications
and growth implications of disease burden and public hedth interventions. We begin
with an extremely stripped version of the modd, to highlight some mgor points, and then
we add hits of redism a the cost of computational complexity. The full verson of the
modd must be solved in asmulaion setting.

The simplest version of the health-growth model

We assume a sequence of overlapping generations. In thisverson, individuds
live for up to two periods, though they may die at the end of the first period
(“childhood”). The mortality ratein periodt is m . Thenumber of children bornin
period tis N , of which exactly Ni/2 are maes. Of the original birth cohort, the number
Li+1 = Nt (1-m) survive to adulthood in period t+1. Thisis dso the sze of the labor force
in period t+1. A child of generation t receives human capitd h.1 from its parents, and
produces output in period t+1 equal to its human capitd:

(D) g1 = et

Growth of output per adult therefore depends entirdly on the growth of human capitd per
adult.

Thetota population in period t, P, equas number of adults plus the number of children
inperiodt:

(2 P = Nea(lrmeg) + N
Each adult household (one mae, one femae), has ; children, of which F /2 are sons and
Fi /2 aredaughters. Thus, thetota number of children bornin periodt is

N = Ft [N¢-1(1-m1)/2]. (Note that the divisor 2 occurs because there are half as many
households as there are adults N;).

Population growth g isequd to P; / P..1 , which equas:

g = Ni1(1-m.1) (1+ F/2)/[[Ni-2(1-m-2)(1+F-1/2)]. Since Ni.1 equals (Fi-1/2)Nt.2(1-m-2),
we can amply further:

4 g = (F-1/2) (1-m.1) (1+F/2) [ (1+F-1/2)
When fertility and mortaity rates are unchanging, this leads to the familiar expresson:
g= (F/2)(1-m), which is sometimes called the gross reproduction rate. Population

growth equals on the number of girls per household multiplied by the proportion of girls
that survive to the age of childrearing.
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Mortality, fertility and population growth

Adults consume part of their income and use part of it to raise children, imparting
human capitd to the next generation. We Il sart with the Smplest assumption to
motivate the household' s choice of fertility rate. We assume that households regp utility
from having amale heir (or afemadeheir).?!  To take one smple formulation, we'll
assume that household lifetime utility is

U = u(c) (1+Q) with Q >0, when at least one son survives to adulthood
= u(c) when no son survives to adulthood
givenas.

EU = u(c)(1+ p: Q) where p isthe probability of asurviving mae heir

Suppose that ahousehold as S sons, and that each has aidentical and independent
probability of childhood mortdity of m. The chance of dl S sons dying before
adulthood (thereby leaving the parents without an heir) isthen nv° , and p = 1-nv.

Households engage in asmple tradeoff. Children are codtly to raise, but each
additiona child raises the probability of asurviving heir. Households trade off the costs
of child-raising versus the risks of remaining without heir because of child mortdity.
Specificdly, we |l assume that each child requires afraction f of potentia |abor market
time. Households are endowed with 2 units of Iabor (one for each adult) but then use fF
to raise children. Household labor income, asaresult is h(2-fF), whichin turn equas
consumption. Households maximize expected utility, subject to the household budget
congtraint. We assume that for atarget of F /2 sons, they must have F; totd children,
half sons and half daughters®?

Households choose the leve of totd fertility i (with i/ / 2 sons) to maximize
EU=uC) 1+p Q), wherepi = 1- mF?) and ¢, = h (2-f/ ). Thelarger isF, the
larger ispr andthesmdler is ¢ , so consumption and probability of asurviving her are
baanced againgt each other. The solutionisof theform /. = F (m ), whereF; isa
decreasing step-function of m.  The higher is the underlying mortdity reate, the higher is
the totdl fertility rate.

Congder the following numericd illugtration. Supposethat Q =2 (lifetime
utility is doubled by the surviva of amae heir) and f = 0.05 (each child requires5

21 \We can presume that child-age mortality takes place before old-age mortality, so that parents observe
whether or not they have a surviving heir, and reap utility accordingly.

22 Of course, if parents are targeting a certain number of sons, they will act sequentially, having children
until the desired number of sons arrive. If the probability of sonsisone half, and isindependently
distributed of preceding births, then atarget of S sonswill require, on average atotal of 2S children, half
of which are girls. F, thetotal number of children until S sonsare born, will be distributed as

p(F) = (1/2)" B( F-S,5-1) where B(F-S, S-1) isthe binomial coefficient (F-1)!/[SI(F-S-1)!].



percent of one adult’ s labor-forcetime). Weset u(c)=c and h =1. Then, the

optimum fertility choice and population growth rate depends on the child mortdity ratein

the following way:

Mortdity Desired Totd Gross Expected Gross

rate Sons Fertility Reproduction Utility Nationa

(deaths per Rate Product

1000) (per
capita)

0.0 1 2 1.0 3.80 0.48

50 1 2 0.95 3.74 0.48

100 2 4 1.8 3.66 0.31

200 2 4 1.6 3.61 0.31

Theman implications are the following. Totd fertility isarigng function of the
mortdity rate within the range 0 — 200 desths per 1000 live births. (At very high
mortdity rates, the totd fertility rate fals again, because the high chances of infant death
outweigh the dight increased probakility of aresulting surviving mae heir). For
mortality rates of 100 or 200, as shown, the TFR is 4, and population growth is extremely
rapid. A gross reproduction rate (GRR) of 1.8 means that population grows by 80%
between generations. Expected utility and per capita GNP are both decreasing functions
of the mortality rate.

Note the nortlinear relationship between population growth and mortaity. When
mortdity falsfrom 200 to 100, thisis not enough of a drop in mortdity to induce
households to reduce the TFR from 4 to 2. TFR remains unchanged at 4, but thefdl in
the mortality rate means that a higher proportion of the 4 children (i.e., 90 percent as
opposed to 80 percent) survive to adulthood, thereby raisng the rate of population
growth, from 60 percent in one generation to 80 percent. When the mortdity rate fals
from 100 to 50, however, the TFR fdlsfrom 4 to 2, and this has a huge effect on the
population 2qrowth rate, which fals from 80 percent in ageneration to -5 percent in a
generation.”

Tota output in period t, denoted Q;. is output per adult worker, h , multiplied by
the number of households, N;.1(1-m-1)/2, multiplied by the amount of Iabor-force supply
of each household, 2—fFt. Q¢ = heN.1(1-m.-1)(2-fF)/2. Per capita GDP, denoted y, is
equal to Q; divided by population P : Y = hNe.1(1-m1)/[Ni1(1-m.1) + Fe[Ne2(1-m.
1)/2]. This expresson immediately smplifiesto:

@ v = h(1-fRI2)/1+FR/?2)

2 With mortality at 50 per 1000, the TFR is 2, but this is below the popul ation replacement rate.
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We see immediately the effect of age structure on GNP per capita. Since only
adults produce GNP, the GNP per population equals the GNP per full-time adult, in this
case h, multiplied by the share of time an adult spendsin the labor force (1 —-f R /2),
multiplied by the number of adults per population, which is 1/(1+F/2). A higher fertility
rate thus reduces GNP per capita for two reasons: it reduces the share of adult timein the
labor force (by raising the share of adult timein childrearing) and it reduces the share of
adultsin the total population. Inthe numericd illudration, therise of tota fertility from
2 to 4 reduces the per capita GNP by 36 percent, from 0.48 to 0.31.

The Quality-Quantity Tradeoff and the Health-Poverty Trap

Perhaps the most important implication of high totd fertility is not rgpid
population growth, or even the high ratio of children to adults (and therefore the lower
per capita GNP), but the reduced level of human capitd that parents impart to each child
in largefamilies. For agiven levd of family income, a higher number of children most
likely resultsin alower level of human capita per child, something that economigts have
come to term the * quantity-quality tradeoff” in childrearing. There are saverd likely
reasons for this tradeoff:

1) biologica: doser birth spacing resultsin poor physica well-being of each child
2) budget congraint: parents reduce the financia resources invested per child
3) quality of parental attention: reduced intengty of parent-child interactions

The quantity-quality tradeoff is thus partly autometic (biologica), and partly the result of
parents economic decisions when choosing the investments to be made in each child's
health and education.

At this stage, we take the smplest assumption, that the tradeoff is automatic:
more children in a household implies less human capitd accumulation per child. Inthe
next section, we treat the human capital invesment as a parenta decison, with smilar
implications. At this stage, we assume a difference equation for human capitd in which
the child’s human capitd h+1 isalinear function of parenta human capitd hh and a
negative function of the totd fertility rate F . Specificaly, we assume:

(2 ha =aE)h with a(2) > 1
a(F) decreasingink , and
a(F) <1iff R > F

According to (2), when the household has two children, the human capitd of the

offspring are greater than the human capital of the parents, and this becomes the engine

of long-term economic growth. When households have many children, however,
specificaly i > F, where F is some threshold, human capitdl is reduced and thereisa
decline in per capitaincome from one generation to the next.  If human capitdl
transmisson works in this manner, then it isimmediately obvious thet the leve of

childhood mortdity m will have a profound effect on economic growth. High rates of
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mortdity will result in high levels of childhood mortdity and faling leves of human
capital per person:

m high ® F high ® hs low
mlow ® F low ® hs high

It isaso easy to see how a society can get stuck in apoverty trap. Suppose,
redigticaly, that the childhood mortaity rate depends on two factors. parents human
capitd (snce parents with higher human capitd are more likely to know how to take care
of their children’s hedlth) and the underlying disease ecology, such as the presence or
absence of mosquito vectors that transmit maaria. Specificaly, we write:

m=d/h

where d represents an index of disease ecology, the exogenous component of
mortdity. Thehigher is d, the higher isthe mortdity rate for any given leve of parentd
human capitd. Asthe human capita of the parentsrise, for any given disease ecology,
the mortdity rate fdls, eventudly to zero as parental human capita continues to expand.

Now combine the mortdity equation with the fertility choice and with the human
capitd equation:

m =d/h
hs1 = a (F)h wheea <1 iff R > F
Fo = F(m)

Whenever the disease ecology isso adversethat d/hy > Fy  for someinitid period
0, then the economy will fal into a downward spiral. Poor heglth will produce high
fertility and low human capita per child, which in turn will produce poor hedth the
following generation. Onthe other hand, if d/hy < Fo , thenthe economy will be
caught in an upward spird, in which fertility rates will be low enough to ensure arisein
human capital per person in the next generation, which in turn will promote improved
hedlth, afurther reduction in fertility rates, and a further improvement in human capita

per person.

Health — Human Capital Tradeoffs when Investment in Children is a Parental Decision

Suppose now that parents decide whether or not to invest in the education of their
children. We will assume that parents continue to desire an heir, but that a better
educated heir gives higher utility than apoorly educated heir. Thus, parents care, quite
plausibly, both about the surviva of ther children and the level of education of their
children.



To be specific, we assume now that human capitd is given by the following
relationship:

B hvia = @ +ra)h

where g isthe parentd invesment (in units of consumption goods) in the education of
the child. The parameter r istherate of return to investment in educetion. Theleve
of educationd investmentisbounded by O [0 e [0 1. Thecost of education per
child is given by the parameter k, and the time cost of childrearing remainsthe same a f
units per child. We will continue to assume that households care only about male heirs,
and invest only in the education of the i /2 sons. (We will assume that households
invest theidenticd amount of education in every mae child so thet there is not a question
of which helr'shuman capitd isreevant.)

The household' s budget congtraint is then the following:
4 o=2-fR-k(F/2)a
Households are assumed to maximize the following expected utility function:
(5 EU =u(@)[l+ pEV(ha)]

subject to the budget constraint in (4). According to (5), expected utility now depends on
the level of human capitd of the heir, according to some utility function V(h+1). Once
agan, p; sgnifiesthe probability of having a surviving mae har given aninitid birth
cohort of F; children (and therefore F / 2 sons).

Higher mortdity rateswill cause alower leve of invesment in education by
optimizing households. As m rises, i rissswhile py fals Thisrasesthe cost of
education (since more sons must be educated just to achieve one educated heir), and for
any number of sons, the probability of any survivorsis reduced.

This can be illugtrated with a smple numerical example as before. Suppose once
agantha u(c) = ¢, andthat V(h+1) = hea. Set f =004, k = 02, r =03, and
E = 1. Set h, the human capitd of the parents, equal to 1. Since the cost of
education per son is 0.2 and the returns are 0.3 for one and only one heir, it will pay to
invest in ason’'s education when there is one and only one son. With more than one son,
the parentswill chooseto set & = 0. Inturn, the household will choose to have one and
only one son when the mortdity rateislow enough. Theimplication isthe following:

Low childhood mortdity [0 oneson [0  maximum educationa investment per son
High childhood mortdity [0 many sons [ minimum educationd investment per son

The specific vaues for expected utility are shown in the following table.
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Mortdlity Desred Expected Expected Optimum
rate (deaths | number of utility if utility if education
per 1000 oNns sonsarenot | sonsare decision
births) educated (e | educated (e

=0) =1
0.0 1 3.88 4.00 e=1
100 1 3.69 3.78 e=0
200 2 3.68 3.22 e=0
400 3 3.52 2.70 e=0
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