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NOTE: This map which has been prepared solely for the convenience of the
readers, does not purport to express political boundaries or relationships. The
scale is a composite of several forms of projection.
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Preface

This report is one in a series of studies that have been carried out under the
auspices of the Panel on the Population Dynamics of Sub-Saharan Africa of the
National Research Council (NRC) Committee on Population. The Research
Council has a long history of examining population issues in developing
countries. In 1971 it issued the report Rapid Population Growth: Consequences
and Policy Implications. In 1977, the predecessor Committee on Population and
Demography began a major study of levels and trends of fertility and mortality in
the developing world that resulted in 13 country reports and 6 reports on
demographic methods. Then, in the early 1980s, it undertook a study of the
determinants of fertility in the developing world, which resulted in 10 reports. In
the mid- and late-1980s, the Committee on Population assessed the economic
consequences of population growth and the health consequences of contraceptive
use and controlled fertility, among many other activities.

No publication on the demography of sub-Saharan Africa emerged from the
early work of the committee, largely because of the paucity of data and the poor
quality of what was available. However, censuses, ethnographic studies, and
surveys of recent years, such as those under the auspices of the World Fertility
Survey and the Demographic and Health Survey programs, have made available
data on the demography of sub-Saharan Africa. The data collection has no doubt
been stimulated by the increasing interest of both scholars and policymakers in
the demographic development of Africa and the relations between demographic
change and socioeconomic developments.
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In response to this interest, the Committee on Population held a meeting in 1989
to ascertain the feasibility and desirability of a major study of the demography of
Africa, and decided to set up a Panel on the Population Dynamics of Sub-Saharan
Africa.

The panel, which is chaired by Kenneth Hill and includes members from
Africa, Europe, and the United States, met for the first time in February 1990 in
Washington, D.C. At that meeting the panel decided to set up six working
groups, composed of its own members and other experts on the demography of
Africa, to carry out specific studies. Four working groups focused on cross-
national studies of substantive issues: the social dynamics of adolescent fertility,
factors affecting contraceptive use, the effects on mortality of child survival and
general health programs, and the demographic effects of economic reversals. The
two other working groups were charged with in-depth studies of Kenya and
Senegal, with the objective of studying linkages between demographic variables
and between those variables and socioeconomic changes. The panel also decided
to publish a volume of papers reviewing levels and trends of fertility, nuptiality,
the proximate determinants of fertility, child mortality, adult mortality, internal
migration, and international migration, as well as the demographic consequences
of the AIDS epidemic.

This volume, one of the four cross-national studies, attempts to document
the effects of general health and child survival programs on mortality. Although
progress has been made, infant and child mortality levels in parts of sub-Saharan
Africa remain among the highest in the world. The disease-specific orientation of
this report draws attention to a variety of strategies and interventions that have
been developed in an effort to reduce the mortality effects of many of the most
important diseases. It also examines the effects of general health programs that
have been implemented in various settings of sub-Saharan Africa.

As is the case for all of the panel's work, this report would not have been
possible without the cooperation and assistance of the Demographic and Health
Survey (DHS) Program of the Institute for Resource Development/Macro
Systems. We are grateful to the DHS staff for responding to our inquiries and
facilitating our early access to the survey data.

We are also grateful to the organizations that provided financial support for
the work of the panel: the Office of Health, the Office of Population, and the
Africa Bureau of the U.S. Agency for International Development; the Andrew
W. Mellon Foundation; the William and Flora Hewlett Foundation; and the
Rockefeller Foundation. Besides providing funding, the representatives of these
organizations were a source of information and advice in the development of the
panel's overall work plan.

This report results from the joint efforts of the working group members and
staff and represents a consensus of the members' views on the issues
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addressed. The Committee on Population and the Panel on the Population
Dynamics of Sub-Saharan Africa appreciate the time and energy that all the
working group members devoted to the study.

The working group was assisted in its efforts by several commissioned
background papers. Charles Katende authored a paper on infant and child
mortality and the proximity of health facilities in Liberia and Zimbabwe.
Margaret Luck wrote a paper on mortality trends in Senegal.

Special thanks are also due Joan Montgomery Halford and Paula Melville
for providing superb administrative and logistical support to the working group
and to Florence Poillon for her skillful editing of the report. Eugenia Grohman
and Elaine McGarraugh were instrumental in guiding the report through the
report review and production processes.

SAMUEL H. PRESTON, Chair
Committee on Population
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Executive Summary

Infant and child mortality rates in many parts of sub-Saharan Africa have
been decreasing in recent decades, but remain among the highest in the world.
Although the decline in mortality is fairly well documented, it has been difficult
to determine the relative importance of various diseases and conditions as causes
of death among children of different age groups. Data on causes of death are
incomplete and of questionable quality, but virtually all studies report that
measles, diarrheal diseases, acute respiratory infections, and malaria are the
leading causes of death for children less than 5 years of age. This report reviews
programs aimed at preventing and treating these and other leading causes of death
in sub-Saharan Africa. It also reviews the evidence of the effects of general health
programs on reducing child mortality in the region.

Many causes of death can be prevented through vaccination programs. We
have reviewed studies of vaccine efficacy and immunization programs in specific
locales in sub-Saharan Africa, and have concluded that vaccination programs can
have substantial effects on reducing infant and child mortality. However, results
from these studies should be extrapolated to different parts of Africa with caution
because of ecological and cultural differences, and variations in disease
epidemiologies across regions. Moreover, results from small-scale studies are
difficult to replicate in large-scale national programs because of differences in
program management and logistics.

However, not all the leading causes of death can be prevented through
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vaccinations. Other diseases responsible for many infant and child deaths can be
prevented or treated through a variety of interventions that can be effective if used
correctly and in a timely way.

DISEASE- AND INTERVENTION-SPECIFIC FINDINGS

Studies indicate that increased measles vaccination coverage has led to
lower mortality. Moreover, the incidence of measles decreases as vaccination
coverage increases. Even so, research is needed on appropriate case-management
strategies for lowering the case-fatality rates among those who become infected.

Rates of mortality due to diarrheal diseases peak as children are weaned in
the postneonatal period. Most interventions in both hospitals and communities
focus on case management of acute dehydrating diarrhea by using oral
rehydration therapy (ORT) and continued feeding. ORT is an effective treatment,
but it is not used widely enough and is often used incorrectly. Research needs
include the development and evaluation of home-based treatment programs, the
development of case-management strategies for other forms of diarrheal diseases,
and an assessment of the effect of ORT programs on mortality.

Malaria is a major health problem in Africa for both children and adults, and
is responsible for a large proportion of all child deaths. Programs to combat
malaria need to consider the diversity of ecologies, the spread of chloroquine-
resistant strains, and the high costs and managerial complexities of many of the
available technologies. Presumptive treatment of malaria based on the presence
of a fever is common both at clinics and at home, but little research has been done
to evaluate the effect of presumptive treatment on mortality. Other increasingly
common preventive strategies include providing chemoprophylaxis to pregnant
women and the use of insecticide-treated bed nets to prevent mosquito bites.

Acute respiratory infections (ARIs), especially pneumonia, can be treated
with antibiotics, but few large-scale studies have been conducted to test different
strategies for providing treatment. Those studies that have been conducted
suggest that appropriate case management can reduce infant mortality by 20
percent and under-5 mortality by 25 percent. Data from the Demographic and
Health Surveys suggest that only a small fraction of children thought to have
ARIs actually receive antibiotic treatment.

Other diseases and conditions contributing to infant and child mortality
reviewed in this report include pertussis, tuberculosis, tetanus, and nutrition-
related conditions.

In addition to the disease-specific interventions that have been initiated in
recent years, the expansion of general health services has also contributed to
mortality reduction. Studies report declines in mortality as different
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types of health services become available. The effects of health services on
mortality are difficult to evaluate because of timing in implementation and the
confounding effects of other factors. Research needs include documenting the
effects of primary health care on infant and child mortality, and indicating the
factors contributing to its different degrees of success.

GENERAL CONCLUSIONS

In addition to research needs related to specific diseases, this report offers
eight observations related to the state of health programs and research in sub-
Saharan Africa:

1.  Declines in mortality rates should remain the ultimate indicator of the
effectiveness of child health interventions in Africa.

2.  The goals stated for many programs suggest that program planners often
have unrealistic expectations about the feasibility of measuring mortality
changes associated with some kinds of interventions. Programs can be
classified into three groups: those causing rapid reductions in mortality;
those with a more modest potential or that reduce mortality at a slower
rate; and those for which direct measurement of mortality effect is not
feasible. Misunderstanding the nature of a program can lead to unrealistic
expectations of its effects.

3.  The trend toward stating program goals in terms of reduction in cause-
specific mortality may be setting unrealistic expectations for evaluation.

4.  More emphasis should be given to age-specific mortality rates in stating
program goals.

5.  There is a need for more evaluations of various packages of interventions.
It is difficult to evaluate individual components when services are
provided in combination.

6.  More empirical evaluations of program effects are needed in order to test
predictions from models.

7.  There is a need for more long-term studies that include regular collection
of vital statistics, and routine surveys of service utilization and quality of
care.

8.  All evaluation studies should include detailed measurement of both the
coverage and the promptness of services, as well as compliance with
program protocols.  
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1

Introduction

The historically high population growth rates experienced in Africa were the
result of sustained high fertility levels as infant and child mortality began to fall.
Recent data from the Demographic and Health Surveys conducted in sub-Saharan
Africa indicate that the total fertility rates of a number of countries, most notably
Botswana, Kenya, and Zimbabwe, have begun to decrease. Although fertility is
declining in these and possibly other parts of sub-Saharan Africa (see Cohen,
1993), it remains high in most of the region. The declines in Botswana, Kenya,
and Zimbabwe have been more apparent and rapid than those of other countries in
the region.

Similarly, analysis of child mortality trends (i.e., deaths among children
under age 5) also suggests that declines are continuing to occur in a number of
countries. The rate at which the declines are occurring varies across the region.
One of the factors contributing to the decline in infant and child mortality has
been the provision of health services. A number of initiatives over the past 25
years have fostered child survival through promoting relatively simple,
affordable, and proven technologies.

In 1978, the World Health Assembly set the goal of ''health for all by the
year 2000." This goal includes ensuring a life both long and free of a heavy
burden of illness. In Africa, between 1985 and 1990, an estimated 4.1 million
(Heligman et al., 1993) died annually before their fifth birthday and are deprived
of the most basic requirements for a healthy life. Therefore, the first aim of many
health programs in Africa is to provide children with a reasonable chance of
living a long and healthy life.
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This emphasis on lowering mortality is also evident in the U.S. Agency for
International Development's (USAID) Child Survival Initiative, which started in
Africa in 1985. The program's goal is to reduce infant mortality in USAID-
supported countries from the 1985 average of 97 death per 1,000 live births to
less than 75. The program builds on primary health care programs, and focuses on
immunizations, oral rehydration therapy, improving nutrition, reducing numbers
of high-risk births, and improving maternal health. Since 1985, USAID has
invested U.S. $1.5 billion in the Child Survival Initiative.

In September 1990 at the World Summit for Children, representatives of 159
countries agreed on a Plan of Action for Implementing the World Declaration on
the Survival, Protection and Development of Children in the 1990s. The plan
includes seven major goals, the first of which is targeted to be completed between
1990 and the year 2000: a reduction of infant and under-5 mortality rates by
one-third, or to 50 and 70 per 1,000 live births, respectively, whichever is less
(United Nations Children's Fund, 1991).

Among the more specific supporting goals were the elimination of neonatal
tetanus by 1995 and the reduction of measles deaths by 95 percent by the year
2000, as well as the reduction of deaths due to diarrhea in children less than 5
years of age by 50 percent, and the reduction of deaths due to acute respiratory
infections in children under 5 by one-third (United Nations Children's Fund,
1991). The plan included many other goals for child health: for example,
increasing birthweights and reducing the prevalence of malnutrition, and of
iodine and vitamin A deficiencies. However, reduction of child mortality is the
major element of the goals for child health.

Although infant and child mortality rates are declining in most of sub-
Saharan Africa, only two countries—Botswana and Zimbabwe—currently are
estimated to have infant and child mortality rates as low as the major goal calls
for by the year 2000. Most other countries will require declines of more than
one-third to achieve the goals of infant mortality rates of 50 per 1,000 and child
mortality rates of 70 per 1,000. In the past, mortality reductions probably have
been the result of a number of different factors, including health programs (and
control of epidemics), changes in diets and health behaviors, and general
economic development visible in education and road building, among others.
These factors will all continue to play a role in reducing mortality in the future.
However, the most direct way in which governments can intervene to reduce
mortality in the short run is through increased provision of health services.

The ability of African governments to provide health services is limited by
the small amount of money available for the health sector. Half of the population
of Africa lives in countries where expenditures on health were in the range of
$1.50 to $6.80 per capita in 1985. The average African lives in a country in which
the government expenditure on health was only $5.32
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per person (United Nations Children's Fund, 1991; Ogbu and Gallagher, 1992).
Between 1975 and 1985, the average African experienced a decline of 11 percent
in the government's real per capita expenditures on health.

The severe shortage of funds for health programs has led to a debate about
the best strategy for developing health services. Although there are many
dimensions to this debate, the central argument has been between those
advocating "selective" primary health care and those advocating "comprehensive"
primary health care. (See, for example, Walsh and Warren, 1979; Habicht and
Berman, 1980; Newell, 1988, for more discussion.)

The advocates of a selective approach argue that the shortage of resources
requires that efforts be focused on the most cost-effective interventions. The
advocates of a comprehensive approach argue that relying on cost-effectiveness
leads to a short-term strategy that will make it difficult reach the long-term goal.
In particular, they argue that the most cost-effective programs are often
individual programs aimed at selected health problems, for example,
vaccination-preventable diseases and malaria control. However, if too much
emphasis is placed on vertically organized intervention-specific, the goal of
integrated programs may never be achieved, and only a limited number of
services will be available to the general public.

Whether programs are integrated or not, the severe financial constraints on
health programs in Africa require choices, such as which drugs to purchase and
which skills to emphasize in training health personnel, among others. Without
massive increases in the funds available for health programs, African
governments will have to set priorities (implicit or explicit) for the use of scarce
resources. In addition to cost-effectiveness, there are many other criteria for
setting these priorities, including costs, efficacy, concerns for equity, and the
preferences of the population. Given the goals set by the World Summit for
Children and the high mortality rates in Africa, it seems initially reasonable to
stress the expected effect of programs on mortality.

Comparing programs according to their expected effect on mortality has
several advantages. First, mortality rates provide a common measure that
facilitates comparison of programs. For example, mortality rates allow us to
compare the effect of a measles vaccination program with the effect of a program
for treating diarrhea. Second, reductions in mortality often reflect reductions in
the duration or severity of illnesses. For example, a program that treats or
prevents malaria may lower mortality by reducing the incidence, prevalence, or
severity of malaria. It is difficult to produce a simple measure of morbidity that
incorporates both prevalence and severity. However, if mortality due to infectious
diseases can be reduced through a program, it is likely that morbidity also
declines.

It is not feasible to measure the mortality effect of every health program
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in every country. However, it is important to measure the mortality effect of
various types of interventions. When we know that a specific type of program can
reduce mortality, we can reasonably assume that any similar program that reaches
a substantial proportion of the population with quality services probably reduces
mortality.

This volume examines the scientific evidence of the effectiveness of a
variety of health interventions in reducing child mortality in sub-Saharan Africa.
We have not evaluated the expected effect of potential new technologies yet to be
tried in Africa, such as vaccines to protect against malaria or AIDS. We have also
limited the review to interventions that are generally the province of health
ministries. For example, we have not evaluated the impact of water and sanitation
programs, agricultural projects, or adult literacy programs, although these might
be important components of government strategies for reducing child mortality.
For the majority of these types of programs, there is little evidence of a mortality
effect. In addition, we have limited ourselves to programs whose effect on
mortality can be evaluated. For this reason we have not evaluated the evidence on
AIDS programs. The delay between human immunodeficiency virus (HIV)
infection and death is so long that it is not feasible to measure directly the effect
of programs on mortality.

We have limited the scope of this report to the demographic and
epidemiologic evidence that programs have reduced mortality. This focus
provides only half of the evidence needed to carry out a ranking of programs in
terms of cost-effectiveness. However, by limiting our review to programs that are
already common in Africa, we have focused on programs that are generally
assumed to be cost-effective. This review examines whether the evidence of
effectiveness justifies the common perception that these programs are effective.
It would be useful to determine whether studies of the costs of these programs
(including both public and private costs) justify the usual perceptions. However, a
complete review of cost studies would extend beyond the resources and the
technical expertise of the working group.

In evaluating the mortality effect of health interventions, we go beyond the
evidence that these technologies are "safe and effective." Health programs do not
include medical technologies unless there is evidence that their medical benefits
outweigh the medical risks for individuals. We are interested in the benefits to
populations, and these can be very different from the benefits to individuals. In
the terms of evaluation studies, we need to go beyond estimating intervention
"efficacy," the biological effect as measured in carefully controlled clinical trials.
Instead we need to measure the ''effectiveness" of programs, which can be
reduced by improper procedures, low compliance rates, or factors that select
individuals who receive treatment. For example, programs to prevent measles,
malaria, or tuberculosis
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can change the epidemiology of the disease by changing the risk of infection for
the entire population, including those not receiving treatment.

Decision makers should be aware of the differences in results based on
biological models and those from field studies. Theoretical results based on
models rarely serve as a substitute for field studies, which incorporate the
difficulties and shortcomings arising in carrying out a program.

Often, the field-based evidence that health interventions reduce mortality
rates is weak. The justification for many programs is based on the argument that a
given disease causes death in a certain percentage of cases, and that the
intervention is effective at a certain level in preventing (or curing) the disease and
has few or no side effects. These arguments rely on biological models of the
disease process and scientific tests of various parts of the model (e.g., the efficacy
of a vaccine or treatment). This approach is most convincing when the evidence
suggests very few serious side effects and when the disease has serious
implications for health (e.g., the use of measles vaccination).

The evidence to support these biological models may not be adequate to
produce reliable population-based estimates of program effectiveness. For
example, many of the deaths of children in Africa result from the interaction of
several health problems. It is difficult, if not impossible, to design models that
describe these interactions in sufficient detail to produce reliable estimates for the
mortality-reducing effect of different types of programs.

Estimating the effect of a health intervention becomes more difficult when
the program does not reach all children at risk for the disease. For example, a
program that reaches children only in the upper socioeconomic groups will
probably have less effect on mortality than one that targets malnourished children
in impoverished families. As a result of the unequal distribution of risks, there can
be large differences in the effectiveness of programs that employ the same
medical technologies. For this reason, we must examine the effectiveness of
programs in a number of different settings, not just the potential efficacy of
technologies.

Much of the evidence about the effectiveness of interventions on mortality
comes from research projects in small populations. Thus, the evidence from these
projects may not provide reasonable estimates of the effects these interventions
will have when implemented in large-scale government programs. When
programs are expanded beyond small populations, the quality of the services can
change drastically as can the social groups they reach. Vaccine failures, incorrect
diagnoses, and reduced effectiveness of supervision or patient education are all
more likely in large-scale programs.

This volume begins with a discussion of mortality trends and levels over the
past three decades in the region. Mortality has decreased in all parts of Africa,
but at varying rates, as illustrated by regional differentials.
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The cause-of-death profile varies across areas, but a small number of diseases
accounts for most of the infant and child mortality throughout the region.
However, because data are generally of poor quality or nonexistent, it is difficult
to rank these specific diseases.

Most of this volume examines various types of health programs. Chapters 3,
4, and 5 review evidence on the effectiveness of interventions aimed at individual
diseases. Chapter 3 examines the diseases that can be prevented or reduced by
immunization: measles, pertussis, tuberculosis, leprosy, and tetanus. Chapter 4
focuses on interventions targeted at other communicable diseases: diarrheal
diseases, malaria, and acute respiratory infections. Nutritional conditions,
including protein-energy malnutrition, low birthweight, and vitamin A deficiency
are discussed in Chapter 5. The discussions of these specific diseases and
conditions examine the etiology, symptoms, and prevalence of each disease; its
epidemiology and natural course; intervention studies conducted in Africa and
other parts of the world; and program coverage in Africa.

The organization of the bulk of the report by disease reflects the fact that
almost all of the studies of the effectiveness of health programs examine single
interventions. Although we would have preferred to organize the report along
other lines, the available research does not support other approaches. In
particular, there is very little research on the effectiveness of the most common
type of programs, namely those programs that combine interventions against
several diseases. What evidence there is on the effectiveness of integrated and
general health programs is reviewed in Chapter 6. The final chapter provides
conclusions and recommendations.
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2

Trends in Mortality and Causes of Death in
Africa

During the past 30 years, African governments have worked to increase the
quantity and quality of modern health services available to their populations.
Before independence, most colonial governments introduced health programs. If
the expansion of health services has had an effect, we should expect to find that
infant and child mortality has declined during recent decades, at least in countries
that have achieved improvements in services. Of course, there have been
numerous other changes in Africa that might have contributed to morality
reduction. Increasing education levels are associated with improved child care
practices and better utilization of health services. Construction of roads reduces
the effect of droughts by improving food distribution networks. Moreover, road
construction facilitates transportation to urban areas where more modern health
services are located.

This chapter reviews data collection and techniques for estimating trends,
mortality levels and trends, verbal autopsies, causes of death, and the effect of
AIDS on child mortality. The discussions of mortality levels and causes of death
provide the background for later chapters, which consider the evidence for the
effects of specific programs.

TRENDS IN CHILD MORTALTY

Data Collection and Estimation Techniques

Early attempts to measure mortality levels of African populations were
based on efforts to register all births and deaths, especially in urban areas.
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For instance, a vital registration system was implemented as early as 1915 in four
cities of Senegal and continues to be maintained. Despite many attempts, the
coverage and quality of vital registration systems remain poor at the national
level in continental sub-Saharan Africa (De Graft-Johnson, 1988).

Most recent efforts to estimate mortality levels and trends at the national
level are based on large-scale surveys and censuses. These surveys employ two
basic approaches to estimating infant and child mortality. The first approach
involves direct methods, which are based on reported births and deaths of
individual children. The most common survey approach is the maternity history,
which includes the date of each birth and the date or age at death of each child
who has died. Maternity histories have formed the core of both the World
Fertility Surveys (WFS) and the Demographic and Health Surveys (DHS).
Variations include truncated maternity histories, which include only recent births
(i.e., children born during the past five years or the two most recent children born
to each mother). Death rates can be calculated directly from these data because
they allow tabulations of deaths and person-years of risk at each age. Trends in
mortality can be estimated from tabulation of deaths and person-years of risk by
both age and year. A second type of direct estimation procedure is based on
information about recent deaths (generally deaths in the last year) and the current
population size.

The alternative approach is to use indirect methods, which are based on data
that do not provide for tabulation of deaths and person-years of risk by age. The
most common indirect approach is the Brass child survival method, which uses
data on the average numbers of children ever born and the surviving children of
women in each five-year age group, along with a simple model. This model
requires assumptions about the age pattern of child mortality. It can be used to
estimate trends in mortality on the further assumption that the trends in recent
years have been smooth. Several variants of this model are described in detail in
United Nations Manual X (United Nations Department of International Economic
and Social Affairs, 1983).

Most of the data on levels and trends come from comparisons of several
surveys in the same country. When a country has a consistent combination of
estimates of levels and trends from direct and indirect methods, the statistical
evidence can be considered reliable. However, Hill (1992) recently reviewed the
available data from 38 sub-Saharan African countries and found as many cases of
inconsistent as of consistent data. Common shortcomings of data on child
survival include the omission and displacement of births and deaths and
misreporting of ages and durations of exposure to the risk of death. Although the
general impression of mortality decline is strong, the estimated trends should be
considered with caution because of these types of error in data.
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In addition to national data, more accurate local studies can provide detailed
information and a check on the plausibility of national data. Examples include
some of the vital registration systems of cities and some prospective studies of
communities. In these research areas with continuous registration of vital events, a
small, geographically defined community is followed for a period of time with a
multiround survey—the frequency of which can range from weekly to annually
—and periodic censuses. These intensive undertakings provide complete and
accurate demographic data, including trends, age patterns, seasonal variations,
differentials, and sometimes, causes of death, though typically for fairly small
numbers of events.

Current Levels of Mortality and Trends Since 1960

The measure we use for tracking levels and trends of child mortality is the
probability of dying by age 5 (5q0), expressed per thousand live births. This
measure captures almost all the mortality risk prior to adulthood, and is less
affected by the age profile of child rearing practices such as weaning than the
infant mortality rate. Estimates of 5q0 are available after 1980 for 15 of 39 sub-
Saharan African countries. Table 2-1 presents the probability of dying by age 5
for the years before 1960 to 1985 for all the countries of sub-Saharan Africa with
acceptable estimates. The number of estimates for each year ranges from 15 (for
1985) to 27 (for 1970). The recent estimates vary from 100 or fewer deaths by
age 5 per 1,000 live births in Botswana, Kenya, and Zimbabwe to 200 or more in
Burkina Faso, Liberia, Mali, and Zaire. The remaining countries cluster around
160. The low-mortality countries have mortality rates comparable to those in
many countries of Asia, with levels lower than India or Pakistan. The high-
mortality countries include the highest values of child mortality recorded in the
world during the 1980s.

The data for almost all African countries show declining mortality since
1960. Figure 2-1 shows data from Table 2-1, with different symbols used for data
points from the broad subregions—western, middle, eastern, and southern. Three
points stand out from Figure 2-1. First, there is a great deal of variability in
measures of child mortality among countries of sub-Saharan Africa. In 1960,
probabilities of dying by age 5 varied from 140 to 400 among the 19 countries
with estimates; in 1985, the range was from 60 to 250 across the 15 countries
with estimates. Second, there has been a substantial and rather steady decline in
child mortality risks from 1960 to 1985; the median 5q0 in 1960 of 225 fell to 180
by 1985. Third, there is a substantial differential in child mortality between the
countries of eastern and southern Africa and those of middle and western Africa;
although affected by the countries included in the data set for specific years, the
median 5q0 values for eastern and southern Africa are about 60 per thousand
lower than those for western and middle Africa from 1960 to 1985.
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TABLE 2-1 Child Mortality Rates per 1,000 Live Births (based on the probability of
dying by age 5), by Country and Year, Pre-1960 Through 1985
Country Pre-1960 1960 1965 1970 1975 1980 1985
Eastern Africa        
     
Burundi — 270 240 220 220 210 175
Ethiopia — 235 230 225 220 — —
Kenya 260 210 185 165 145 125 100
Malawi — 360 345 335 320 285 —
Mozambique 260 — 280 280 280 — —
Rwanda — 240 220 220 220 220 —
Somalia — — 240 225 210 — —
Tanzania 260 240 235 225 215 — —
Uganda 245 225 195 180 175 185 185
Zambia — 220 190 180 165 150 —
Zimbabwe — 160 155 145 140 135 95
Middle Africa          
   
Angola 360 — — — — — —
Cameroon 290 — 235 220 185 — —
Central African
Republic

— 325 295 245 — — —

Chad 340 310 — — — — —
Congo 290 200 165 140 — — —
Equatorial Guinea — — — — — — —
Gabon 350 250 — — — — —
Zaire 285 — — — 235 210 200
Southern Africa      
       
Botswana — 175 160 140 120 90 60
Lesotho — 200 195 185 175 — —
Namibia — — — — — — —
South Africa — — — — — — —
Swaziland 240 230 220 215 — — —
Western Africa        
Benin 360 — — 255 240 200 —
Burkina Faso 420 315 295 275 255 220 215
Côte d'Ivoire — — 265 245 210 165 140
The Gambia — 350 345 310 275 240 —
Ghana 370 220 210 185 170 155 160
Guinea 380 — — — — — —
Guinea-Bissau 300 — — — — — —
Liberia — 280 270 255 245 235 220
Mali 385 — — — 360 310 250
Niger 300 — — — — — —
Nigeria — — — — — 195 190
Senegal 375 300 295 285 265 220 190
Sierra Leone — 400 385 365 — — —
Togo 350 300 245 220 200 180 160
Northern Africa      
       
Sudan — 220 205 170 150 145 135

SOURCE: Hill (1992).
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FIGURE 2-1 Estimates of the probability of dying by age 5 (5q0) by subregion
and time period. NOTE: Western Africa (shown as a plus) includes Benin,
Burkina Faso, The Gambia, Ghana, Guinea, Guinea-Bissau, Liberia, Mali,
Niger, Nigeria, Senegal, Sierra Leone, and Togo. Middle Africa (shown as a
triangle) includes Angola, Cameroon, Central African Republic, Chad, Congo,
Equitorial Guinea, Gabon, and Zaire. Eastern Africa (shown as a circle) includes
Burundi, Ethiopia, Kenya, Malawi, Mozambique, Rwanda, Somalia, Tanzania,
Uganda, Zambia, and Zimbabwe. Southern Africa (shown as a diamond)
includes Botswana, Lesotho, Namibia, South Africa, and Swaziland. SOURCE:
Hill (1992).

In countries where long-term series are available, there is consistent
evidence that the mortality decline started well before 1960. A number of
estimates of child mortality suggest that current levels reflect long-term,
substantial changes. The earliest estimate of 5q0 for Kenya, for example, goes
back to 1947, when it was 262 (Hill, 1991). By 1970, the probability of dying
before age 5 had decreased to 165, and it was estimated to be 100 by 1985. The
estimate of 5q0 for Ghana in 1935 was 371 (Hill, 1991), had declined to 185 by
1970, and continued to decline, although more slowly to 160 in 1985. Senegal
also shows a large decrease in mortality, although current levels remain fairly
high. The probability of dying by age 5 was estimated to be 373 in 1946 (Hill,
1991); it fell to 285 in 1970, and was estimated to be 190 in 1985. Vital statistics
for Dakar, Senegal, suggest that mortality has been declining for at least 70
years.

In general the decline in mortality has been steady since 1960 in most
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countries. However, exceptions exist. One exception is Ethiopia, with no
evidence of decline between 1960 and 1975, and no data thereafter. In Ghana, the
decline seems to have stopped after 1980 and there may actually have been some
increase. The same seems to be true in Uganda, where mortality appears to have
been rising slightly since 1975. The scanty data from Mozambique do not show
any evidence of decline. It also appears that mortality did not change in Rwanda
between 1960 and 1980. Several of these countries went through periods of major
political turmoil during the 1970s and the 1980s.

In several countries, periods for which data are available are too short to
permit any serious conclusion about trends. In Nigeria, data are so poor before the
1990 DHS that mortality trends cannot be determined. Other countries—Angola,
Chad, and Mauritania—do not have nationally representative data that allow any
estimation of mortality.

In addition to variations between countries, there are major variations in
mortality levels within countries. These striking subnational differences were
noted especially in Kenya, Angola, Niger, and Mozambique by Coale and
Lorimer (1967). Large differences were also found by Ewbank et al. (1986) in
Kenya. Hill (1992) found variations by district ranging from 140 to 380 in the
1955-1957 survey in Zaire and variations from 130 to 290 in the 1969 census of
Zambia. Cantrelle et al. (1986) found large variations in Senegal. Farah and
Preston (1982) showed major differences between northern and southern Sudan.
Extreme regional differences seem to be a distinctive feature of African
mortality, probably reflecting major differences in local epidemiological and
socioeconomic environments.

In summary, there is clear evidence that mortality of children under 5 has
been declining rapidly in sub-Saharan Africa, in some parts at least since the
1940s and possibly since the 1910s. However, the data are not detailed or precise
enough to show the specific effects of health systems and health interventions.
Such a conclusion is limited by both the imprecision of the estimated trends in
mortality and the difficulty of establishing changes in the quantity and quality of
medical services actually provided during each time period, as discussed in
Chapter 6. Nonetheless, the mortality decline accompanied the emergence of
modern medicine, and the arrival of antibiotics and antimalarial drugs, as well as
socioeconomic development, characterized by modern transportation, increase in
agricultural and industrial production, urbanization, and modern education.

The extent of political and economic organization in a country seems to play a
major role in mortality reduction. Countries where political unrest, war, and
famine disrupt the social organization tend to have a stagnant mortality and, in
some cases, rising mortality rates. Most likely, future trends in mortality will also
continue to be shaped by the combination of
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improved health services, activities related to economic development, and
unexpected social and political problems.

CAUSES OF DEATH AMONG AFRICAN CHILDREN

Information about the major causes of death is important for program
planning and can be useful for program evaluation. Programs that target a small
number of diseases can use reliable information about changes in the causes of
death to demonstrate a causal relationship between program inputs and mortality
decline.

Unfortunately, even less is known about the causes of death in Africa than
about mortality levels and trends. None of the countries of continental sub-
Saharan Africa has a reliable national system of death registration.

In addition, knowledge of causes of death is hampered by two other
difficulties. The first problem arises from the fact that many deaths have multiple
causes. Consider, for example, a child who is moderately malnourished, has a
case of measles, and dies shortly afterward from acute diarrhea and pneumonia.
The death could be attributed to any one of these conditions. All of them can be
either prevented or treated by appropriate medical interventions. Therefore, the
effect of child survival programs on mortality will be determined by the nature of
the interaction among these causes. However, the complexity of the disease
process is difficult to summarize in simple statistical or tabular form. A cause-
of-death classification is reductionist by necessity.

A second problem is the quality of the diagnoses. Even in the best hospitals
of Europe and the United States, a number of deaths are assigned to incorrect
causes. In developing countries, accurate diagnoses are even more difficult to
obtain. One reason is that a large proportion of deaths occur outside modern
medical facilities and are not observed by qualified diagnosticians. Even in
hospitals, diagnosis is complicated by the lack of complete and accurate case
histories, a low rate of autopsy, and a shortage of diagnostic facilities. In
addition, many patients arrive at the hospital during the last stages of the disease,
which makes it difficult to disentangle the proximate causes. This situation
inhibits a clearer understanding of the role of malnutrition in morbidity and
mortality.

Verbal Autopsies

A number of researchers have used a technique called "verbal autopsy" to
assess the causes of deaths that were not attended by trained medical personnel
(e.g., Garenne and Fontaine, 1986; Gray et al., 1990). The concept behind this
technique is to use all the available evidence—clinical, epidemiological, and
demographic—to determine the probable causes of
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death. Although verbal autopsies provide guesses of the causes of deaths that
might otherwise have been included in a miscellaneous category of ''other
deaths," these gains can be illusory. In particular, verbal autopsies, like all
diagnostic techniques, can lead to false attribution. In some cases, these false
positives may outnumber the true cases.

Little is known about the precision of algorithms (i.e., the series of questions
asked to determine the cause of death) used in verbal autopsies. For example,
what is the ability of algorithms for malaria to pick up all cases of malaria (i.e.,
the sensitivity of the algorithm, denoted here by ) or their ability to identify
deaths due to other causes as "nonmalarial" (i.e., the specificity, )? Given the
limited amount and types of information that can be collected in a verbal
autopsy, it is difficult to achieve high rates of both sensitivity and specificity. If
the specificity is low and the condition is rare, then the estimated proportion of
deaths due to a cause is likely to be exaggerated. On the other hand if the
sensitivity is low and the condition is common, the estimated rate might be
understated.

Kalter et al. (1990) studied some algorithms for tetanus, measles, diarrhea,
and acute lower respiratory infections (ALRI) in the Philippines. Table 2-2
presents their results for four sets of criteria for diagnosing ALRI. As expected,
the specificity of algorithms increased with the number of items included in the
algorithm, but the sensitivity declined accordingly. Thus, with more symptoms,
fewer cases of ALRI were picked up, but those that were detected were more
likely to be real cases (i.e., an increased positive predictive value).

TABLE 2-2 Sensitivity and Specificity of Various Criteria for Diagnosing Acute
Lower Respiratory Infections in the Philippines
Criteria Sensitivity  (%) Specificity  (%)
A. Cough and dyspnea 86 47
B. Cough and dyspnea >1 day 66 60
C. Cough >4 days and dyspnea >1 day 59 77
D. Cough >4 days and dyspnea >2 days 41 93

SOURCE: Kalter et al. (1990:384). By permission of Oxford University Press.
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FIGURE 2-2 Relationship between true proportion of deaths to acute lower
respiratory infection and proportion estimated from verbal autopsies using four
sets of criteria for diagnosis.

The implications of this trade-off between sensitivity and specificity for the
estimated proportion of deaths due to ALRI are shown in Figure 2-2. If the real
proportion of deaths due to this cause is , and the sensitivity and specificity of
the diagnostic criteria are  and , then the estimated proportion of deaths due
to the cause is  + (1 - )

(1 - ). For example, if ALRI was not responsible for any deaths in a
population, criteria C (cough of four or more days and breathing difficulty of one
or more days) would still estimate that 23 percent were due to ALRI because the
specificity of these criteria is only 77 percent. If 35 percent of the deaths are truly
caused by ALRI, then the false diagnoses of ALRI by using criteria C are
counterbalanced by missed cases of ALRI. In this case the estimated proportion
of deaths due to ALRI is 36 percent, which is very close to the true 35 percent.

Criteria D (cough of four or more days and breathing difficulty of two or
more days) have a higher specificity (and lower sensitivity), and produce an
accurate estimate if ALRI is actually responsible for 10 percent of deaths. If
ALRI is responsible for more than 10 percent, criteria D underestimate the true
rate. If ALRI is responsible for less than 10 percent, criteria D lead to an
overestimate. Criteria A (cough and breathing difficulty) and B (cough and
breathing difficulty of one or more days) have such low specificities (47 and 60
percent, respectively) that they do not produce reasonable estimates of the
proportion of deaths due to ALRI at any plausible true level.
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Reasonable estimates of the proportion of deaths due to ALRI (or any other
cause that is responsible for less than 30 percent of deaths in an age group) are
obtained only if the specificity of the criteria is quite high. For example, with a
sensitivity of 65 percent and a specificity of 80 percent, the prevalence of a cause
that is actually responsible for 15 percent of deaths will be overestimated by 78
percent (i.e., it will be estimated to be 27 percent of deaths). In some cases, it may
not be possible to achieve levels of specificity high enough for important causes
of child deaths in Africa.

Snow et al. (1992) used verbal autopsies for 303 infants who died at Kilifi
hospital in Kenya. However, Becker and Gray (personal communication) have
raised several questions about the questionnaire used by Snow et al. They note in
particular that measles, accidents, and malnutrition are the only causes that were
addressed by specific items in the questionnaire. All other diagnoses apparently
were based on responses to a checklist of 29 symptoms and signs. It is not clear
how the interviewers asked the questions on the checklist, and it is now known
what algorithms were used to derive the verbal autopsy diagnoses. Because of
these problems, the results obtained by Snow et al. do not necessarily reflect the
sensitivities and specificities that could be achieved by the type of detailed
questionnaires and algorithms used in other studies. Therefore, the study by Snow
et al. does not provide a test of the true potential of verbal autopsies.

Mobley et al. (personal communication, 1993) examined the sensitivity and
specificity of carefully defined algorithms for five major causes of death in
Namibia. Their sample included deaths in a hospital of children who were
diagnosed with malnutrition, diarrhea, pneumonia, malaria or measles either at
the time of admission or before the time of death. Sixty-one percent of the cases
had two or more of these diagnoses.

Mobley et al. (personal communication, 1993) reviewed the reliability of
several algorithms for each disease. For diarrhea deaths, the presence of loose or
liquid stool combined with either thirst or sunken eyes gave a sensitivity of 75
percent and a specificity of 71 percent. Raising the specificity to 90 percent by
using only the presence of 6 or more loose or liquid stools per day leads to a sharp
reduction in the sensitivity to 36 percent. For pneumonia, the specificity never
rose above 71 percent using the presence of cough and fever combined with
difficult or rapid breathing. This algorithm was associated with a sensitivity of
only 61 percent. A diagnosis of measles based on age greater than 120 days and
rash led to a sensitivity of 71 percent and a specificity of 85 percent. Adding
fever for at least three days raised the specificity to 90 percent but dropped the
sensitivity to 67 percent. Their algorithms for malaria reached relatively high
levels of specificity (several in the range of 87 to 97 percent) based on fever plus
convulsions and/or loss of consciousness. However, these were associated
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with low sensitivities (41 to 45 percent). These algorithms performed better for
children diagnosed in the hospital with cerebral malaria.

The above study provides very useful information about the reliability of
verbal autopsy estimates for major causes of child mortality in Africa. However,
by limiting the sample to deaths ascribed to these five causes in the hospital, the
estimated specificities might be different than they would be in a completely
random sample of deaths. For example, the specificities for cerebral malaria
might have been lower if they had included deaths to meningitis and other
infectious diseases that can be associated with high fever and convulsions.
However, the fact that even the most stringent algorithms rarely lead to
specificities as high as 90 percent suggests that verbal autopsies will rarely be
useful for measuring mortality rates for causes of death that are responsible for
less than 15 percent of all deaths in an age group.

Studies of Causes of Death Among Infants and Children

The appendix to this volume reviews the results of studies of causes of
deaths among infants and children in 9 areas of Africa. These studies are
summarized in Table 2-3. Given the problems discussed above, we have to
exercise caution in interpreting the results of these studies and in trying to
generalize to the whole of sub-Saharan Africa.

Low birthweight, birth trauma, and congenital defects are responsible for the
largest number of neonatal deaths in most studies. The few exceptions (western
Sierra Leone and Niakhar, Senegal) have very high rates due to neonatal tetanus.
During the postneonatal period, diarrheal diseases are generally ranked first,
followed by ALRI-pneumonia, malaria, and measles in varying orders.

At ages 1 to 4 years, measles is often the most common cause of death. In
some parts of the continent, measles vaccination rates may have increased
sufficiently to reduce its importance; however, it certainly continues to be a
major factor in child mortality and must remain a top priority for health
programs. Diarrheal diseases are generally the second cause of deaths in this age
group, with malaria, malnutrition, and ALRI-pneumonia generally ranked third
through fifth in varying orders. Of course, it is often difficult to determine a
specific cause of death because of the common simultaneous occurrence of
measles, ALRI, and diarrhea.

Although it is not possible to produce reliable estimates of the proportions
of infant and child deaths in Africa that are due to each major cause, the primary
importance of diarrheal diseases, measles, malaria, ARI, and malnutrition is
clear. The list can be rounded out with the addition of a few neonatal causes
(prematurity, birth trauma, congenital defects, and neonatal tetanus), and the
possible addition of a few causes that are more difficult to
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diagnose (e.g., pertussis and meningitis). The relative importance of these
main causes will vary across populations because of differences in ecology (e.g.,
malaria), behavior (e.g., neonatal tetanus), and vaccination patterns (e.g.,
measles). Given the difficulty in determining specific causes of death, it may be
unrealistic to determine whether or not the disease-specific reductions in
mortality, such as those stated in the goals of the World Summit for Children, are
actually being achieved.

Effects of AIDS on Child Mortality

The acquired immune deficiency syndrome epidemic is a new factor
influencing infant and child mortality in sub-Saharan Africa. Currently, we do
not have solid data on the incidence of AIDS deaths among children in the
region. However, we do know that the AIDS epidemic will have both direct and
indirect effects on infant and child mortality. The direct transmission of the
human immunodeficiency virus (HIV), which causes AIDS, from mother to child
occurs primarily during delivery, but may occur also through breast milk. It is
estimated that at least 80 percent of children infected with HIV will die by age 5.
The indirect effect is the additional mortality risk arising from orphanhood faced
by an uninfected child whose mother is ill from or dies of AIDS.

How large are these effects likely to be? Stoto (1993) reviews simulation
models of AIDS and finds that infant mortality rates might increase by as much
as 20 percent in urban areas. However, these estimates have wide margins of
uncertainty. First, the estimates depend critically on perinatal HIV transmission
rates. The models assume that about 30 percent of children born to HIV-positive
mothers will themselves be HIV positive, although some European studies have
shown rates as low as 13.9 percent (European Collaborative Study, 1991).
Second, it is not known if HIV-positive women have higher or lower fertility
rates than women in general because of social behavior or health status. Third, the
estimates consider only the direct effect described above; they do not include the
additional risks to AIDS orphans. Such risks may be large for very young
children, but probably fall rapidly as age of the child increases.

Simple calculations provide an estimate of the order of magnitude of the
effect of AIDS on child mortality in Africa. It is estimated that approximately 2.5
percent of adults in sub-Saharan Africa are HIV positive (U.S. Agency for
International Development, 1991). If HIV-positive women have the same fertility
rates as other women, then about 2.5 percent of all births in sub-Saharan Africa
are to HIV-positive mothers. If the transmission rate from mother to child is 30
percent, and if 80 percent of HIV-infected children die by age 5, then .006
(i.e., .025 • .3 • .8) of children born in Africa will die by age 5 of AIDS.
However, about 18 percent of these children

TRENDS IN MORTALITY AND CAUSES OF DEATH IN AFRICA 24

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

 to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

,
an

d 
so

m
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Effects of Health Programs on Child Mortality in Sub-Saharan Africa 
http://www.nap.edu/catalog/2208.html

http://www.nap.edu/catalog/2208.html


would have died by age 5 in the absence of AIDS. Thus, the direct effect of AIDS
is to increase mortality by age 5 by about .006 (1 - .18), or 5 per 1,000.
Therefore, AIDS is probably responsible for only about 3 percent of all deaths to
infants and children in Africa. Adding to this the extra child deaths resulting from
orphanhood among HIV-negative children born to HIV-positive mothers would
increase this percentage only slightly.

Estimates of the recent effects of AIDS on child mortality in sub-Saharan
Africa are uncertain enough; forecasts of its effects for the rest of the decade are
more hazardous still. Perinatal transmission rates and case-fatality rates are not
likely to change much in the next decade. However, seroprevalence might
continue to increase or might start to fall as behavioral modifications occur and
high-risk groups are reduced by excess mortality.

SUMMARY

Mortality in virtually all areas of Africa appears to have been declining in
recent decades, although the pace of decline has varied greatly. Reductions in
infant and child mortality continue to be observed in most countries, although it
appears that slight increases have occurred in some countries in recent years. The
limited data available indicate that the leading causes of death during the
neonatal period are birth trauma, prematurity, and congenital defects, although
tetanus was the leading cause of death in a few studies. In the postneonatal
period, diarrhea appears to be the leading cause of death, followed by ALRI-
pneumonia. Among children ages 1-4 years, measles, diarrhea, ALRI, malaria,
and malnutrition are the leading causes of death. Although AIDS is an important
cause of deaths among adults in Africa, its effect among infants and children is
not large relative to other causes. The transmission of AIDS from mother to
infant probably increases infant and child mortality by fewer than 5 deaths per
1,000.
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3

Immunization Programs

The Expanded Programme on Immunization (EPI), with recommended
guidelines established by the World Health Organization, is a major international
effort to increase the proportion of children covered by basic immunizations
against childhood diseases. Because of A frica's unusually high rates of child
mortality from measles, the prevalence of tuberculosis, and in many places,
substantial mortality due to neonatal tetanus, EPI plays a central role in the health
strategy for Africa. In addition, the low levels of funding for health programs in
Africa have forced many countries to focus their scarce resources on what are
perceived as the most cost- effective interventions, which include EPI (Walsh and
Warren, 1979).

In general, the vaccines that form the core of EPI programs are measles,
diphtheria-pertussis-tetanus, poliomyelitis, bacille Calmette-Guérin (BCG) for
tuberculosis, and tetanus for pregnant women or women of childbearing age.
Each of these vaccines has been proven efficacious to varying degrees. However,
vaccine efficacy does not necessarily imply that a program based on vaccinations
is effective in reducing mortality. There are two reasons that programs might be
less effective than suggested by the efficacy of the vaccines. First, as pointed out
in Chapter 2, child mortality in Africa often results from the interaction of
several diseases, frequently including malnutrition (although malnutrition, in
many cases, may be a consequence of infectious and parasitic diseases). The
interactions among different childhood diseases are so complex that it is difficult
to estimate the effect of reducing the incidence of a single disease by using
mathematical simulations.
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The second problem is that vaccines may be less effective in large-scale
programs than in small-scale trials of their efficacy. If vaccines are stored
incorrectly, used after their expiration date, not given at the appropriate age, or
given to children who have already contracted a disease, the effectiveness of the
immunization program can be greatly reduced. For these reasons, it is necessary
to measure the actual effects of real programs.

The EPI programs in most African countries have achieved large increases in
the proportion of children who receive all of the standard vaccinations. Figure 3-1
shows the proportions of children aged 12-23 months that had received all the
standard vaccinations, based on data from the Demographic and Health Surveys
conducted in the mid- to late 1980s. Given the relatively high levels in some
countries, it is possible that these programs have had a substantial effect on infant
and childhood mortality. Because most of the increase in vaccination coverage
occurred after 1985, many of the children born shortly before the survey have a
higher likelihood of being vaccinated than their older siblings. However, the
effect of these programs on child mortality may be too recent to be evident in the
available demographic data for most countries. Moreover, although the trends in
immunization coverage are upward, coverage can vary greatly on

FIGURE 3-1 Proportion of fully immunized children 12-23 months of age,
selected sub-Saharan African countries. NOTE: Based on immunization cards
and mothers' recall. BWA—Botswana, BDI—Burundi, GHA—Ghana, KEN-
Kenya, LBR—Liberia, MLI—Mali, NGA—Nigeria, SEN—Senegal, UGA—
Uganda, ZMB—Zambia, ZWE —Zimbabwe. SOURCE: Demographic and
Health Survey reports (see Appendix B).
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a year-to-year basis, especially among programs depending on special vaccination
programs.

Generally, statistics gathered for the EPI program at the national level focus
on specific immunizations rather than the proportion of fully immunized
children. The goal of the African Region EPI program for 1990 was to make
immunizations available for all infants and to achieve coverage of at least 75
percent for all six EPI vaccines. As of August 1991, the immunization coverage
for children 12 to 23 months of age in Africa was estimated to have reached 79
percent for BCG, 57 percent for the third dose of the diphtheria-pertussis-tetanus
(DPT) vaccine, 56 percent for the third dose of the oral poliomyelitis vaccine, and
54 percent for the measles vaccine. Although the goals have not yet been
achieved, comparison with coverage in 1982 of approximately 28 percent for
BCG, 21 percent for poliomyelitis, and 18 percent for measles suggests that
vaccination coverage has increased greatly as the EPI program became activated
(Expanded Programme on Immunization, 1992).

The following sections examine the evidence that vaccination programs
against measles, pertussis, tuberculosis, and tetanus have reduced child mortality.
Most of the research on EPI programs has focused on measles. The reasons for
this emphasis include the high mortality rates from measles, its relative ease of
diagnosis, and the potential of program failure because of improper vaccine
handling. Much less research exists on pertussis, tuberculosis in children, and
tetanus. However, there are several indications of the potential effects of these
programs.

We have not reviewed the literature on two of the EPI diseases:
poliomyelitis and diphtheria. We have not included polio because of the low
number of deaths from this disease. However, several African studies suggest
that poliomyelitis vaccination campaigns can reduce the incidence of disease and
paralysis (Rodrigues, 1991; Deming et al., 1992), despite the vaccine's lower
efficacy in Africa than in developed countries (Oduntan, 1978; Böttinger et al.,
1981; Expanded Programme on Immunization, 1990; de Swardt et al., 1990).

Diphtheria has a low incidence rate in sub-Saharan Africa because of high
levels of acquired immunity, but can have a high case-fatality rate (Rodrigues,
1991). This immunity may be due to widespread, relatively mild, subclinical
cases. Among children diagnosed with diphtheria, the case-fatality rate is high.
Relative to other diseases, diphtheria is apparently not a major cause of death
among African children. One study suggests that DPT vaccination in Sudan has
reduced the incidence of diphtheria (Loevinsohn, 1990). We know very little
about the role of diphtheria in African mortality because no reliable sources of
community-based data exist, nor is there information about the contribution of
diphtheria vaccine to the effect of vaccination programs in Africa (Rodrigues,
1991).
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Several vaccines that are included in immunization programs in some parts
of the African continent are not reviewed here. In particular, yellow fever and
meningitis vaccines are used to control epidemics in parts of West Africa.

MEASLES

As discussed in the introduction to this chapter, measles is one of the leading
causes of infant and child mortality in sub-Saharan Africa. Here, we review the
state of knowledge on measles. We begin with a discussion of the epidemiology
and vaccine efficacy. A discussion on why Africa may be different from other
parts of the world with respect to measles follows. Measles immunization
programs are then examined, with a focus on their effects, the relationship
between immunization coverage and measles mortality, and program history and
coverage. Finally, treatment strategies are discussed.

EPIDEMIOLOGY

Measles is caused by a paramyxovirus called morbilli. It is highly infectious
and transmitted from person to person via droplet spread (sneezes or coughs) or
through direct contact with nasal or throat secretions of infected persons. The
incubation period of approximately 10 to 12 days is followed by cough, nasal
congestion, and conjunctivitis. The characteristic rash appears about two to four
days after the onset of other symptoms. The total illness generally lasts 7 to 10
days (Orenstein et al., 1986). A case of measles provides lifetime protection, and
repeat cases are rare. The symptoms of the disease are well known in Africa, and
there are local names for it in many languages. Common complications include
otitis media (inner ear infections), laryngitis, pneumonia, diarrhea, and
encephalitis.

Measles is one of the major causes of death among children in Africa. It is a
contributing factor in 8 to 10 percent of deaths among African children (Ofosu-
Amaah, 1983; Rodrigues, 1991). The proportion is even higher in many parts of
the continent. For example, a study in Senegal in 1963-1965 found that measles
deaths accounted for 26 percent of deaths among children ages 1 to 4 and 19
percent of all deaths under age 5 (Cantrelle, 1968). During epidemic years,
measles can be responsible for 50 percent of all deaths at ages 1 to 4 years
(Garenne and Cantrelle, 1986).

Because measles often leads to severe diarrhea or respiratory infections, it is
probably an underlying cause of many more child deaths. For example, a study in
Bangladesh (Clemens et al., 1988) found that measles vaccination reduced the
odds of dying from diarrhea by 59 percent, the odds
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from respiratory illness by 22 percent, and the odds from malnutrition (i.e.,
''swelling or edema") by 47 percent. Feachem and Koblinsky (1983) listed
measles immunization as one strategy for reducing child mortality from diarrheal
diseases. They calculated that measles immunization at the age of 9-11 months,
with coverage of 45 to 90 percent might avert 6-26 percent of diarrhea deaths
among children less than 5 years of age.

Although respiratory and gastrointestinal infections often occur during or in
the month after measles cases, excess mortality can continue for many months.
Hull et al. (1983) followed children who had measles and compared their overall
mortality with that of children who did not have measles. Half of the extra deaths
among children who had measles occurred three to nine months after the case.
Therefore, studies that ascribe death in the one to three months following a case
as measles deaths may be understating the true effect of measles on mortality
rates. One possible explanation for the long-term effect of measles is the growth
retardation that often follows. The Kasongo Project Team (1986) documented
that three months after the onset of measles, growth retardation was still apparent
based on both weight-for-age and weight-for-height relative to local standards, as
discussed in Chapter 5. Another possible explanation is an alternation of physical
defense mechanisms or a decrease in immunocompetence because of the measles
virus.

VACCINE EFFICACY

There are several measles vaccines in use today. The most common in
Africa is the Schwarz vaccine, an attenuated live vaccine introduced in 1966.
During the 1980s, this and other measles vaccines were modified to increase their
stability and, thereby, their effectiveness. A second vaccine, the Edmonston-
Zagreb, has recently been tested in high doses as a way of lowering the standard
age at which the vaccination can be given.

Several studies, most of them prospective studies based in communities,
have estimated the efficacy of measles vaccine, which is its ability to prevent
measles when used in carefully controlled trials. In a recent clinical trial
conducted in Senegal, the efficacy of the Schwarz measles vaccine given at 10
months of age was 98 percent (the 95 percent confidence interval (C.I.) was
86-100 percent; Garenne et al., 1992). A study by Hull et al. (1983) estimated
that measles vaccine efficacy in The Gambia was 89 percent in children more
than 9 months of age (95 percent C.I. 77-94 percent). Lamb (1988) estimated an
efficacy of 90 percent for The Gambia. These estimates are close to those from
Europe and North America (e.g., Miller, 1987; Rebiere et al., 1990).

However, a study by Aaby et al. (1990b) estimated a lower vaccine efficacy
of only 46 percent (95 percent C.I. 7-69 percent) in Bandim district
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in Guinea-Bissau, among children born in 1984-1985. Even after assuming that
the vaccine was not effective until 35 days after the injection, they still estimated
that its efficacy was only 68 percent (95 percent C.I. 39-84 percent). This low
efficacy was not due to vaccine failure since antibody tests of vaccinated children
showed rates of seropositivity greater than 95 percent. It is also unlikely that this
low estimate is a result of either misclassification of vaccination status or
inappropriate age at vaccination.

The effectiveness of measles vaccines may be lower in field conditions than
in carefully conducted studies because of inappropriate storage of the vaccine
(cold chain failures), inappropriate age at vaccination, or other incorrect
vaccination procedures (e.g., Cutts et al., 1990a).

A recent study of children vaccinated at the Institute of Child Health at
University College Hospital in Ibadan, Nigeria (Adu et al., 1992) suggests that
vaccine effectiveness might be a serious problem. Only 55 percent of children
seroconverted after vaccination, and 87 percent of these had low antibody levels.
The vaccines came from four different manufacturers and nine batches. The
authors suggested that this low efficacy may have been a result of cold chain
failures.

Attempts to measure effectiveness of large immunization programs are
complicated by problems in verifying both vaccination status and measles cases.
For example, a study in Mozambique found that adjustments for the estimated
accuracy of mother's reports of measles cases raised the estimated vaccine
efficacy from 37 to 66 percent (Cutts et al., 1990a). A similar study in Tanzania
found an efficacy of 54 percent based on mother's recall of vaccination status
compared to an estimate of 96 percent based on clinic cards (Killewo et al.,
1991).

Garenne et al. (1992) used health cards, as well as clinical and serological
records, to estimate the efficacy of vaccines delivered by the national vaccination
campaigns in the study area of Niakhar, Senegal, in 1986-1987. They estimated
the vaccine efficacy for those children immunized at 86 percent (95 percent C.I.
77-92 percent). This estimate represents a failure rate five times greater than that
found in clinical trials using the same vaccine in the same area. Porter et al.
(1990) examined vaccine efficacy in five refugee camps in Malawi. They based
their calculations on the vaccination status of children who had a health card
(which indicates immunizations definitely received) and estimated efficacy to be
greater than 90 percent.

These studies suggest that vaccine efficacy is very high in Africa in carefully
controlled studies. However, in programs, vaccine failure can be a serious
problem. Therefore, we cannot simply assume that high coverage rates
necessarily imply that large proportions of children are protected against
measles.

There are some studies in other continents that demonstrate the effectiveness
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of measles vaccination in reducing mortality. For example, a study in Bangladesh
(Koenig et al., 1990) found that mortality among vaccinated children ages 9 to 60
months was about 40 percent lower than among a matched group of unvaccinated
children. This difference remained after controlling for differences in
socioeconomic status and after several tests for selectivity in the acceptance of
vaccination.1

WHY AFRICA MIGHT BE DIFFERENT

Measles is a more significant factor in child mortality in Africa than in other
areas of the world. One reason for this higher significance is that the high fertility
rates in Africa quickly replenish the population of children who have not had
measles. In cities, this replenishment leads to frequent epidemics and a younger
mean age of cases than was true in Europe before the availability of measles
vaccine. Differences in residence patterns between Africa and other areas of the
world, with extended families living in enclosed areas in some parts of Africa,
can lead to higher case-fatality rates (see below).

Estimates of the case-fatality rate for measles suggest that it is unusually
severe in some parts of West Africa (Aaby, 1988). The high case-fatality rate is
probably not due solely to the young age distribution of cases because the
epidemic in southwestern Ethiopia also exhibited very high case-fatality rates,
despite 22.6 percent of cases having occurred among children aged 5 to 10 years
and 5.9 percent in children 11 years or older (Lindtjorn, 1990). Although the high
prevalence of malnutrition is often mentioned as a reason for high case-fatality
rates, the evidence is inconclusive (see discussion of nutrition and measles in
Chapter 5). It is likely that the high case-fatality rates are related to the low level
of health services available in many areas and the high proportion of secondary
cases in households (discussed in detail below).

Another feature of measles in Africa is that measles vaccination is effective
at earlier ages than is true in developed countries because maternal antibodies
wane earlier in African children. This reduction in immunity is

1 The analysis conducted by Koenig et al. was based on a study carried out by Phillips
et al. (1984) in which measles vaccination was offered in March 1982 to all children 9
months of age or older in two (Blocks A and C) of four intervention subareas. In
November 1985, measles vaccination was expanded to the remaining two blocks (Blocks B
and D). The analysis by Koenig et al. consists of all children in Blocks A and C who were
immunized between 9 and 60 months during the period March 1982 to October 1985.
These children were randomly matched with unvaccinated children in Blocks B and D,
based on: (1) having no record of being vaccinated for measles during the study period;
(2) being born in the same month and year as the corresponding matched vaccinee; and (3)
the nonvaccinee having survived at least to the date of vaccination of the matched
vaccinee.
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apparently due to lower levels of maternal antibodies and less efficient transport
of antibodies to the fetus (Black et al., 1986). There is some evidence that
children born to mothers who are positive for human immunodeficiency virus
(HIV) may have even poorer transport of measles antibodies and a higher risk of
measles infection before age 9 months than other children (Embree et al., 1992).

The recommended age for vaccination is 9-11 months for tropical Africa,
compared to 12-15 months for Europe and the United States (Kenya Ministry of
Health and World Health Organization, 1977; Expanded Programme on
Immunization, 1982). In some areas, programs have lowered the age for measles
vaccination to 6 months. In a study in The Gambia, the efficacy dropped to 37
percent when administered at 6-8 months of age (Hull et al., 1983). Therefore,
regular vaccination before 9 months of age is generally not recommended unless
it is possible to provide a second does after age 9 months. Studies of the use of
high-titer vaccines (i.e., vaccines with high levels of the attenuated virus) on
younger children (4-6 months) show reasonable levels of seroconversion and
efficacy in preventing measles cases (Whittle et al., 1984, 1988; Aaby et al.,
1988b), but low efficacy in reducing mortality (Garenne et al., 1991).

EVIDENCE OF MORTALITY AND MORBIDITY
EFFECTS FROM AFRICA

There are quite a few studies of the effect of measles vaccination on both
mortality and the incidence of disease in Africa. The following sections first
review the evidence that vaccination against measles can reduce mortality in
Africa, then the evidence that programs have reduced the incidence of measles
cases.

There are several studies that examine the effect of measles vaccination on
child mortality rates in sub-Saharan Africa. These studies can be divided into two
groups: (1) studies that measure the effect of regular measles immunization
programs on mortality, and (2) studies of effects in model programs limited to
special research areas. The former evaluations are closer to our main interest
because they examine the effect of large-scale programs. The second group of
studies demonstrates what can be accomplished in carefully managed programs.
These studies provide evidence of the relationship between changes in the
incidence of measles and reductions in overall child mortality.

Effects of General Measles Immunization Programs

Garenne et al. (1985) studied the effect of the national vaccination program
in Senegal. The program increased coverage with measles vaccine
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nationally from a few percent in the early 1960s to 74 percent for 1967 and 1968.
After 1968, coverage dropped for several years. Garenne et al. (1985) provided
data showing that the annual number of measles cases reported nationally
dropped by 35 percent in 1967-1971 compared to 1963-1966, corresponding to
the national vaccination campaign in 1967-1969. They also show that the
proportion of deaths ascribed to measles decreased substantially in the two rural
study areas of Ngayokhème and Ndemène (among deaths at ages 0-14 years) and
in Dakar (deaths at all ages).

After a brief drop, vaccination coverage in Senegal remained greater than
about 75 percent nationally for 1974-1979 (Garenne et al., 1985). Even so, the
number of children seeking medical attention for measles returned to high levels.
In addition, the proportion of child deaths due to measles returned to high levels
for 1972-1978 in Ngayokhème and Ndemène, areas covered by continuous
registration of deaths.

Two studies in Guinea-Bissau, one in an urban area (Bandim; Aaby et al.,
1984b) and one in a rural area (Quinhamel; Aaby et al., 1984a), were natural
experiments brought about by the introduction of measles vaccination in
preexisting research areas. In Bandim, the mortality rate among children aged
6-35 months was 127 deaths per 1,000 in 1979. After a measles vaccination
campaign, the rate dropped to 47 in 1980 and 48 in 1981. During 1980 and 1981,
the mortality rates for vaccinated children were much lower than the rates among
unvaccinated children (Aaby et al., 1984b). Mortality was also lower among
vaccinated children than among children who had previously had measles. In
Quinhamel, the rates were 107 per 1,000 in 1979 and 98 per 1,000 in 1980. After a
measles vaccination campaign in early 1981, the rate was 44 among the
vaccinated and 72 among the unvaccinated (Aaby et al., 1984a). Quinhamel was
the only one of five rural areas studied where measles was a problem during the
study period (Aaby, 1988).

Effects of Measles Vaccinationin Field Trials and Model Programs

There have been several field trials in defined study populations that were
specifically designed to measure the effects of vaccination on mortality. In
addition, several model programs have demonstrated the potential of programs.
These studies offer more information than vaccine trials because they provide
estimates of both the direct and the indirect effects of vaccination. In particular,
the measured effects from these studies include the reduction of mortality from
diarrhea, respiratory infections, and malnutrition. In vaccine trials, some of these
deaths would not be recognized as resulting from measles. If continued for a
sufficiently long time, these studies also can show changes in the frequency of
epidemics and the resulting
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change in the age distribution of cases. Similarly, these studies are often superior
to evaluations of general health programs since they are often based on more
scientific study designs. For example, they can include control areas,
randomization, or estimation of the effect of the program on those who actually
received services.

However, these special studies can present a misleading picture of the likely
effect of real programs. One reason is that large-scale programs rarely match the
high level of supervision and training achieved in smaller programs. It is
possible, therefore, that large-scale programs might have more cold chain failures
and be less likely to reach the most vulnerable parts of the population. A second
reason is that it is easier to carry out field trials in populations where measles is a
frequent health problem. In particular, it is not feasible to test the effect of a
measles program in an area that experiences measles epidemics only every three
to five years. It is also more difficult to carry out these studies in urban areas
because of high rates of population mobility. Finally, areas used in research
studies often have better access to general health services than other rural areas.

Vaccine Field Trial in Khombole, Senegal

Garenne and Cantrelle (1986) estimated the efficacy of the Schwarz vaccine
using data from field trials in Khombole, Senegal, in 1965-1968. They found that
the proportion dying between ages 6 months and 10 years was 26 percent lower
among children in the area receiving vaccinations than among children in the
control area. It is possible that these results might be affected by other factors
related to the selection of the children who were vaccinated. Vaccinations were
offered to all children in the vaccination zone. Sixty percent of eligible children
were vaccinated in 1965 and 86 percent were vaccinated in 1967. However,
because of the nature of the program and the lack of large socioeconomic
differentials within the study population, it is unlikely that the results are an
artifact of selectivity.

Kasongo Project in Zaire

The Kasongo Project Team (1981) compared mortality in two areas of rural
Zaire. In one area, a measles vaccination program achieved a coverage rate of 83
percent among the cohort born between September 1974 and October 1975.2 In
the test area, the mortality rate between 7 and 35 months

2 Measles vaccination was offered to 306 children, of whom 83 percent accepted and
were vaccinated. However, the proportion of child-months of observation that were
protected by
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of age was 95 deaths per 1,000 for the unvaccinated cohort born between June
1973 and August 1974. The rate dropped to 48 per 1,000 for the cohort covered
by the vaccination program. In the control area, the rate fell from 80 to 69 over
the same period. Therefore, mortality was reduced by 36 deaths per 1,000 more in
the vaccination area than in the control area, a difference that was not statistically
significant. The Kasongo Project Team suggested that the gains from vaccination
appeared to have been reversed at later ages. This conclusion is not warranted by
the data they present. Mortality at ages 22-35 months of age increased by 7 per
1,000 in the control area but by only 1 per 1,000 in the vaccination area. These
estimates were not significantly different. Data for children beyond age 36
months are not presented.

Pahou Primary Health Care Project, Benin

The Pahou project measured the effect of primary health care services
established in 16 villages 30 kilometers from Cotonou, Benin. Velema et al.
(1991) matched each child who died between 4 and 35 months of age with up to
four controls of the same age and sex from the same village. A comparison of the
vaccination status of cases and controls showed that children vaccinated before 12
months of age experienced a relative risk of death between 4 and 35 months of
0.36, compared to nonvaccinated children (95 percent C.I. 0.16-0.81 times).3

However, vaccination after 12 months of age was not associated with reduced
mortality (relative risk: 1.02 times, 95 percent C.I. 0.43-2.41 times). These results
remained after the addition of controls for socioeconomic status, nutritional
status, and other measures of the effect of primary health care. These data cannot
be used to estimate the change in mortality associated with vaccination because
the study did not provide mortality rates for the population.4

Estimates of Effect from Cases of Vaccine Failure

A study in Guinea-Bissau by Aaby et al. (1989) compared children who
seroconverted after measles vaccination with a group for whom the vaccination

immunization was much lower. The estimated coverage was only 58 percent based on a
comparison of the person-months of observation for the program area (their group 1) and
for the vaccinated children in the program area (group 1v).

3 Vaccinations in control children after the age at death of the cases were not included in
the analysis.

4 The "overall mortality rate" quoted in the article is not a true population mortality rate
since it is based only on cases and controls. This rate is therefore an artifact of the number
of controls (surviving children) chosen per case (deceased children).
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failed. The proportion dying between ages 6 and 35 months from all causes was
less than one-third the rate among those who seroconverted (4.5 per 1,000
compared to 15.1 per 1,000). The advantage of this study is that the unprotected
children were selected by the random timing of vaccine failure. Therefore, there
is no reason to believe that the unvaccinated children in the study differed from
the vaccinated children in socioeconomic status, maternal beliefs, or any other
potentially confounding characteristic.

Effect of Programs on Incidence in Africa

Studies of the mortality effect of measles immunization demonstrate the
effectiveness of programs based on the standard vaccination regimen. If these
programs based on the standard vaccines and standard age schedule for
vaccination are having an effect, we should be able to determine their
effectiveness through changes in the incidence of measles or the incidence of
cases treated at health facilities. If a large enough number of children at risk of
measles receive a potent vaccine to reduce the incidence of disease, it should be
possible to document the effect on disease incidence.

Changes in the observed incidence of measles can be compared with the
predictions of mathematical models. These models predict two changes that may
occur when vaccination coverage increases. First, there might be a change in the
frequency of measles epidemics. It is not easy to predict the change that will
result from a given level of coverage because populations differ substantially in
the degrees of contact between children. However, if vaccination coverage
increases sufficiently, epidemics will be less frequent during the years
immediately after the start of the vaccination program (Cutts et al., 1991).
Second, there might be a substantial change in the age distribution of cases, which
is discussed later in the chapter.

Several studies have documented dramatic changes in the incidence of
measles following large increases in vaccination coverage. One of the earliest
demonstrations of the potential effect of measles vaccination in Africa is based on
data from 10 countries in West Africa that were included in a regional program to
eradicate smallpox and control measles that began in 1967. By aggregating the
data from about 150 geographical units in these countries according to the start of
the vaccination program, Foege (1971) showed that the number of measles cases
dropped by 54 percent in the year following, compared to the 12 months
preceding, the start of the program.

Foege (1971) also presented more detailed data from The Gambia that
provide a dramatic demonstration of the reduction of measles cases after the first
national measles vaccination campaign. Figure 3-2shows the number of measles
cases in five regions of The Gambia during each four-week period of 1967 and
1968. Each region had a measles campaign during
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different months of 1967 and early 1968. The campaign targeted all children aged
6 months to 4 years and achieved a coverage rate of 96 percent. Although the
numbers of measles cases had begun to drop in several of the regions, they
dropped dramatically, to zero in many cases, following the campaign in each
region. By June 1968, measles transmission had been interrupted. There were
only 16 cases during 1969 and 1970, and most of them were imported.

FIGURE 3-2 Effect of measles vaccination coverage on measles cases (by four-
week period), five areas of The Gambia. NOTE: Shaded areas indicate periods
of initial vaccination campaign in each area. SOURCE: Foege (1971).

The campaigns begun in the late 1960s did not lead to a large-scale program
of continuous vaccination with high coverage rates. However,

IMMUNIZATION PROGRAMS 38

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

 to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

,
an

d 
so

m
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Effects of Health Programs on Child Mortality in Sub-Saharan Africa 
http://www.nap.edu/catalog/2208.html

http://www.nap.edu/catalog/2208.html


data are available for several countries that increased their vaccination coverage
rates during the 1980s. For example, vaccination coverage in Malawi increased
from 10 percent in 1976-1978 to about 60 percent in 1985-1987. Surveillance
data show that the number of cases in the later period was only about half of the
number reported a decade earlier (Expanded Programme on Immunization,
1989). Similarly, Cutts et al. (1991) found that the reported number of cases of
measles in Burundi decreased by more than 50 percent between 1981 and 1988.
Vaccination coverage in 1986-1988 averaged more than 60 percent, compared to
about 20 percent in 1980. They also found that in Rwanda, the reported incidence
in 1988, when coverage was greater than 80 percent, was only 3 percent of the
rate reported before the start of immunization program. Similarly, data for
Lesotho show a large drop in reported incidence rates as vaccination coverage
increased.

Dabis et al. (1988) examined the decline in reported measles cases in
Pointe-Noire, Congo, during implementation of the Expanded Programme on
Immunization, which began there in January 1982. The estimated coverage rate
increased to 31 and 37 percent, respectively, in 1982 and 1983, and to 47 percent
in 1984 and 1985. A community survey in 1985 estimated that 54 percent of the
children 12-23 months of age had documented evidence of vaccination against
measles. Measles had been endemic in Pointe-Noire since at least 1979, with
annual epidemics. Data on hospital admissions for measles showed that the
monthly number of measles cases dropped to very low figures during late 1983
and early 1984, instead of rising for the annual epidemic. In addition, between
1983 and 1985 (both epidemic years), the hospitalization rate for measles among
children 9 to 23 months of age dropped by 49 percent. This decline was
associated with an increase in the proportion of hospitalized cases less than 9
months of age from 13 to 17 percent.

A study in Yaoundé, Cameroon, in 1974-1979 showed that the number of
recorded measles cases dropped by 44 percent when the cold chain was improved
and the minimum age at vaccination was increased from 6 to 9 months (Heymann
et al., 1983). Despite the increase in the minimum age at vaccination, the number
of cases dropped in all age groups, including less than 9 months.

NONLINEARITIES IN RELATIONSHIP BETWEEN
COVERAGE AND EFFECT

The potential effect of measles vaccination on mortality can vary
substantially across populations and programs. First, the potential effect of
programs will differ according to the epidemiology of measles in various
populations, including features such as the frequency of epidemics and the
intensity of infections. Second, the relationship between vaccination coverage
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and mortality is not simple. For example, a 40 percent coverage rate might be
sufficient to disrupt a pattern of annual epidemics in a small town with low
fertility rates. A large city with high fertility would require a much higher
coverage rate to achieve the same result. The studies reviewed above demonstrate
that a vaccination program in Africa that reduces the incidence of the disease will
reduce mortality as well. However, it is difficult to estimate how much mortality
will decline in any given situation.

The following sections describe the factors that determine the relationship
between vaccine coverage and mortality reduction.

Vaccination and Frequency of Epidemics

An increase in the proportion of the population protected by vaccination can
change the whole epidemiology of the disease. For example, an effective
vaccination campaign can virtually stop transmission of the disease for two to
three years. The level of coverage required to achieve this result depends on the
density of the population, the fertility rate, and local practices that affect
transmission rates (e.g., migration patterns).

Effect of Vaccination on Age Distribution of Cases

The age distribution of cases is important for two reasons. First, because
case-fatality rates are highest among cases under 12 months of age, a change in
the age distribution of cases can change the case-fatality rate. Second, in some
populations, the best evidence of the effect of the program comes from a change
in the number and age distribution of cases seen at hospitals and health centers.

Programs designed to increase the coverage of measles vaccination generally
reduce incidence rates at all ages. However, because the biggest declines are often
concentrated at ages 12-35 months, there is often a change in the age distribution
of cases observed in hospitals and clinics. A sudden increase in program effort
often leads to a temporary drop in the proportion of cases at 12-35 months of age
and an increase in the proportion of cases among children more than 5 years of
age. The proportion over age 5 increases in some populations because without
vaccination, most children get measles before this age. If vaccination coverage
increases the interval between epidemics or leads to smaller isolated epidemics,
some children escape measles until later ages. For example, Aaby et al. (1988a)
reported that in Guinea-Bissau, greater vaccination coverage increased the
proportion of cases over age 5 from 22 to 29 percent. Change in the age
distribution of cases is a useful indicator of program effectiveness. These changes
can often be documented through surveillance systems when complete population
surveys are not available. For example, in the city of Maputo, Mozambique,
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vaccination coverage increased from 42 percent in 1982 to 86 percent in 1986.
Data on cases reported by health centers showed a shift in the proportion of cases
over 5 years of age from about 10 percent in 1982-1983 to 28 percent in 1986 and
40 percent in 1987 (Cutts et al., 1990b).

TABLE 3-1 Proportion of Measles Cases Among Children Over Age 5 Years in Areas
Where Vaccination Coverage Has Remained High
Country Vaccine Coverage (%) Reported Cases >5 years (%)
Burundi 57 35
Lesotho 78 62
Rwanda 86 31
Swaziland 74 41
The Gambia 90 50

SOURCES: National data from Cutts et al. (1991), except for The Gambia, for which data are from
Keneba, reported by Lamb (1988).

After a program has maintained high coverage levels for several years, the
proportion of children over age 5 protected by vaccination will increase.
However, that proportion can still remain high. Table 3-1presents the proportion
of cases over age 5 in five areas in which vaccination coverage had remained
greater than 50 percent for several years. After vaccination levels have remained
high for many years, it may be useful to consider providing a second dose to
older children. This strategy will protect those who were missed initially and
those who were not protected adequately by the first dose, although the mortality
effect will be lower with the second dose than with the first.

Increases in vaccination coverage may result in an increase in the proportion
of cases less than 12 months of age. Because the case-fatality rate is highest
among infants, increasing the proportion of cases in this age group is likely to
raise the overall case-fatality rate. During the years when coverage is high, there
are fewer cases among children age 1-3 because of the vaccination, and still
fewer cases over age 5 because these children have either been vaccinated or had
measles. Therefore, the proportion of cases under 1 year of age is likely to
increase, at least in the short run. For example, in Pointe-Noire, Congo, the
proportion of hospitalized cases at 0-8 months of age increased from 13 to 17
percent when vaccination coverage increased from about 30-35 percent to 45
percent (Dabis et al., 1988). Similarly, Taylor et al. (1988) reported on the trends
in measles in Kinshasa, Zaire. Between 1977 and 1983, coverage with measles
vaccine increased from 37 to 62 percent among children age 12-23 months.
Between 1983 and 1985 it
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remained between about 50 and 60 percent. Despite this high rate of coverage,
measles epidemics continued in alternate years between 1980 and 1985.
Surveillance data from hospitals and health centers and a community survey
showed that the proportion of cases among children less than 1 year of age
increased with increasing vaccination coverage.

The new equilibrium age distribution of cases depends on the pattern of
measles in the population and the nature of the vaccination program. For
example, in Maputo, Mozambique, the proportion of reported cases less than 9
months of age increased slightly from 19 percent in 1982 to 22 percent in 1985.
The proportion then dropped to 15 percent in 1987 (Cutts et al., 1990b). On the
other hand, Aaby et al. (1988a) report almost no change in Guinea-Bissau in the
proportion of cases under age 12 months—rising only from 17 to 18 percent.

Data from health facilities can exaggerate the increase in the proportion of
cases among infants. Since younger children often have more severe cases (in
part because they are more likely to be secondary cases), infants are
overrepresented at health facilities. Because vaccination reduces the number of
cases at 12-18 months of age (which also have higher severity), the proportion of
hospitalized patients under 1 year is apt to increase substantially. In Machakos,
Kenya, the percentage of cases among infants was twice as large for hospitalized
cases as for all cases (Muller et al., 1977). In Kinshasa, 45 percent of cases
reported in hospitals and clinics between 1980 and 1985 were less than 1 year of
age, while in a community study, only 37 percent were infants (Taylor et al.,
1988). Similarly, in an outbreak in Kampala, Uganda, in 1990, 28 percent of
measles patients in hospitals were less than 9 months of age. However, a
community survey about three months later reported that only 11 percent of cases
were children under 12 months of age (Expanded Programme on Immunization,
1991).

It is important to stress that these changes in the age distribution of cases do
not reflect changes in the incidence rate among infants. Vaccination programs
reduce the incidence of measles among children under age 12 months. However,
the case rates at older ages often decline more than those at the youngest ages,
and therefore the proportion of cases at each age will change.

As coverage increases, the proportion of cases associated with vaccine
failure will increase. This shift does not imply an increase in the proportion of
vaccinations that fail. Instead, it reflects the increasing number who are
vaccinated and consequently at risk of vaccine failure. Therefore, it is not
possible to monitor changes in program effectiveness merely by documenting the
number of vaccine failures or the proportion of cases associated with vaccine
failure.
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Changes in the Proportion of Secondary Cases

One reason case-fatality rates decrease with age is that younger children are
more likely to become infected through contact with an older household member.
Numerous studies have demonstrated that secondary cases of measles in a
household (i.e., those who are infected by another household member) have a
higher case-fatality rate than isolated cases (Aaby et al., 1984a,c; Hull, 1988;
Koster, 1988; Lamb, 1988; Pison and Bonneuil, 1988; Aaby and Leeuwenberg,
1990; Garenne and Aaby, 1990). The higher case fatality may be a result of
higher doses of virus associated with closer continuous contact between children
in the same household.

If a vaccination program reduces the proportion of secondary cases, the
case-fatality rate can drop substantially. For example, Aaby et al. (1988a)
reported that the proportion of isolated cases increased from 16 percent before the
vaccination program to 33 percent over the next three years. This change was
largely responsible for a drop in the case-fatality rate of children under age 12
months from 28 to 17 percent—although this latter figure is still very high.

The change in the proportion of secondary cases will depend on the way in
which vaccinations are distributed in the population. For example, if vaccination
coverage remains low in a segment of the population with large families (e.g.,
polygamous households), then the proportion of secondary cases could increase.
On the other hand, as the interval between epidemics increases, a larger
proportion of cases will be children over age 5 who are apt to have one or more
younger siblings. During an outbreak in a primary school in Burundi, 25 of the 28
cases were primary cases in their household. These led to 31 secondary cases, 90
percent of which were younger siblings (Cutts et al., 1991).

When vaccination coverage increases enough to delay measles epidemics
for several years, small epidemics can arise from cases that originate at a health
facility (e.g., Expanded Programme on Immunization, 1986; Chahnazarian et al.,
1993). Such outbreaks occur because the health facilities bring together a number
of children at risk of measles. A case-control study in a child health clinic on the
outskirts of Abidjan, Côte d'Ivoire, during a measles epidemic showed that
attending the clinic was associated with a 30 percent additional risk (95 percent
C.I. 9-102 percent) of contracting measles (Expanded Programme on
Immunization, 1986). In this population, where coverage of measles vaccination
was 64 percent, about 67 percent of cases were attributable to attendance at the
clinic during the epidemic.

A study of measles cases in Mbeya, Tanzania (Burgess et al., 1986),
suggested that these ''nosocomial" cases may have a higher case-fatality rate.
These data provide a strong argument for vaccinating all unvaccinated children
who attend any child health clinic, including those with fever and
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rashes that are often incorrectly assumed to be contraindications for vaccination.

Other Factors

Other factors can influence the effect of programs. First, there is a report
that cases of measles among vaccinated children (e.g., vaccine failures) have a
lower case-fatality rate than those among unvaccinated children (Aaby et al.,
1986). However, another study failed to demonstrate this difference (Lamb,
1988). Second, Aaby and his colleagues have demonstrated that in Guinea-
Bissau, children exposed to measles before 6 months of age have higher mortality
than other children (Aaby et al., 1990a, 1993), even though about 75 percent of
both the exposed and the unexposed were later vaccinated against measles. This
difference does not appear to be due to selectivity factors determining who gets
vaccinated or to socioeconomic differentials. The effect of exposure to measles
appears to last for 2 to 3 years following exposure. Therefore, it is possible that
vaccination programs might reduce mortality by reducing exposure to measles
before age 6 months in addition to the direct effect of vaccination at a later age.

PROGRAM HISTORY, COVERAGE, AND QUALITY

In 1966, mass vaccination campaigns were begun in West and Central
Africa through a 20-country program for smallpox eradication and measles
control (Ofosu-Amaah, 1983). Consequently, vaccine coverage increased
significantly in the late 1960s and early 1970s. Although these programs were
successful in vaccinating large numbers of children, there were also many
technical and managerial problems. Coverage rates dropped as these problems
became apparent and program efforts slackened. After the World Health
Assembly in 1974, the World Health Organization launched the Expanded
Programme on Immunization. In 1978, the World Conference on Primary Health
Care held in Alma-Ata identified immunization as an essential element of primary
care. These renewed efforts were based on the newer, more heat-stable measles
vaccines and a major programmatic emphasis on technical training of local
personnel.

The most current estimates (early 1990s) for sub-Saharan African countries
suggest a measles vaccination coverage rate of about 52 percent. These figures
compare favorably with 1981 estimates of about 30 to 33 percent (International
Science and Technology Institute, 1990; United Nations Children's Fund, 1991;
Expanded Programme on Immunization, 1992; Nigerian Federal Office of
Statistics and Institute for Resource Development, 1992). Figure 3-3 illustrates
the changes in coverage rates at the national level between the early 1980s and
early 1990s. These estimates are very rough;
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FIGURE 3-3 Proportions of children aged 12-23 months who have received
measles vaccination, countries of sub-Saharan Africa, 1981 and 1991.
SOURCES: 1981 data from United Nations Children's Fund (1991); 1991 data
from International Science and Technology Institute (1990) and Expanded
Programme on Immunization (1992).
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many are based on administrative records rather than population surveys.
Even the data based on surveys generally have a 95 percent confidence interval
of at least ±10 percent. Surveys generally accept only vaccination cards, which
provide information on when specific vaccinations were given—rather than
relying on mothers' recall—as proof of vaccination. Estimated coverage may be
biased downward if women lose or do not have vaccination cards to show to the
interviewer or if programs run short of cards. On the other hand, accepting a
mother's recall of past vaccinations might bias the estimate upward.

Gareaballah and Loevinsohn (1989) tested the accuracy of mother's recall of
measles vaccinations in the Sudan. They interviewed illiterate mothers who had
vaccination cards. They found that 87 percent of mothers whose child had been
vaccinated reported correctly (the sensitivity) as did 79 percent of mothers whose
child had not been vaccinated (the specificity). Therefore, they conclude that in
the Sudan, limiting estimates of vaccination coverage to card-verified cases
would lead to an underestimation of coverage. The coverage rate based on cards
was only 43 percent compared to 66 percent based on cards and mothers' reports.

Moreover, coverage can vary substantially from year to year, especially in
countries that rely on periodic national campaign days and those plagued by
political problems. If coverage surveys are often carried out to demonstrate
program success, these surveys may give more emphasis to high-coverage years.
Because the estimates for 1981 are more likely to be based on administrative
records, and coverage rates were changing rapidly at that time, estimates for 1981
are probably less reliable than those for 1991.

Despite the data problems, we can safely conclude that many more African
children are currently protected by measles vaccination than were 10 years ago.
The countries that have the lowest coverage rates are often those that have been
affected by other economic and political problems (e.g., Ethiopia, Somalia, and
Angola). Other countries may have experienced declines in coverage because of
political problems since these estimates were made (e.g., Liberia and Zaire).

In places with relatively high coverage, it is possible that a small additional
percentage in vaccination coverage can have an important effect on mortality.
First, vaccination coverage is generally higher among children living in urban
areas (where health facilities are often concentrated) and among children whose
mothers are educated (Boerma et al., 1990). Mothers' education is not just a
reflection of urban status. For example, a study in two periurban towns in The
Gambia demonstrated significant differences between the educational status of
both the mothers and the fathers of vaccinated and unvaccinated children within a
single urban area (Hanlon et al., 1988). Expanding vaccination coverage in rural
areas and among children with uneducated parents might have a greater effect
than providing vaccinations
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to the more advantaged parts of the population. Second, at higher levels of
coverage, changes in the frequency of epidemics might provide the best
protection for children under the recommended age for vaccination.

TREATMENT OF MEASLES (INCLUDING VITAMIN A)

The thrust of current programs is to reduce measles through vaccination, but
there are still a large number of measles cases each year. The case-fatality rate
among hospitalized cases of measles is often 10 to 15 percent (Kimati and
Lyaruu, 1976; Dabis et al., 1988; Fischer, 1988). One strategy for combating
measles cases is through improved treatment of complications, such as diarrhea
and acute respiratory infections. Reduction in these illnesses can reduce
measles-related mortality. (See Chapter 4 for discussions of case management of
diarrheal diseases and ARI.) Moreover, recent research has suggested that
treatment with vitamin A may reduce case fatality in hospitalized patients, as
discussed in more detail in Chapter 5. Because in much of Africa, many children
with severe cases of measles receive treatment in a hospital or health center,
vitamin A treatment has the potential to have a substantial effect on case fatality.

A study of children hospitalized with measles in Kinshasa showed that
among children less than 2 years of age, low serum vitamin A levels are
associated with increased risk of dying (Markowitz et al., 1989). After controlling
for muscle wasting, low white blood cell levels, and pneumonia at admission,
those with vitamin A stores of less than 5 micrograms per deciliter had a case-
fatality rate 2.9 times (95 percent C.I. 1.3-6.8) greater than those with higher
serum levels. Among children 24-60 months of age, serum vitamin A was not
significantly associated with increased risk of death (relative risk 1.2; 95 percent
C.I. 0.2-7.8). This study demonstrated a relationship between measles and serum
vitamin A levels, but it did not prove that depletion of vitamin A levels is part of
the causal chain leading to death. However, reduced vitamin A levels probably
increase the risk of pneumonia and diarrhea.

The first trial of the efficacy of vitamin A in the treatment of measles was
carried out by Barclay et al. (1987) in Tanzania. This study showed lower
mortality among measles cases under age 2 who received vitamin A (probability
less than .05), but no difference among cases over age 2. For all ages, the
difference between the treatment and comparison groups was not significant
(probability of .13). A trial in Cape Town, South Africa (Hussey and Klein,
1990) also showed significantly lower mortality among measles cases treated
with vitamin A (relative risk 0.21 times; 95 percent C.I. 0.05-0.94).

Coutsoudis et al. (1991) ran a randomized trial in Durban, South Africa,
limited to cases of measles in African children under 2 years of age who
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presented with both pneumonia and diarrhea complications. Only one death
occurred—to a child receiving the placebo. However, there was a significant
difference over a seven-day follow-up in the duration of pneumonia, with the
vitamin A group having a mean duration of 3.8 days compared to 5.7 for the
controls (probability less than .05). There were similar differences between the
durations of diarrhea and fever, although these were not statistically significant.
Of the vitamin A-treated children, 96 percent recovered fully within seven days,
compared to only 65 percent among controls (probability less than .0002).
Although the supplemented children showed better recovery in the seven-day
follow-up, measles mortality can continue for many months after the infection
because of its debilitating consequences.

SUMMARY

Several studies demonstrate that measles vaccination programs can greatly
increase child survival in Africa. This conclusion is strengthened by the wide
variety of research designs employed in these studies. These range from case
control (Velema et al., 1991), to comparisons of vaccine failures with other
children (Aaby et al., 1989), to comparison of program and nonprogram areas
(Kasongo Project Team, 1981). The variety of research designs makes it difficult
to compare the exact magnitude of the effect of programs in different settings.
However, this variety increases our confidence in the overall conclusion.

Although measles vaccination is estimated to have a large effect on child
mortality, we must note that these studies cover only a small part of the
continent. The studies in Senegal, The Gambia, and guinea-Bissau were all
carried out in coastal zones in areas very close to each other. The study in Benin
was also carried out in a coastal area of West Africa. Only the Kasongo project in
Zaire was in a noncoastal area outside West Africa. Therefore, it is risky to
extrapolate from these studies to estimate the number of deaths prevented by
measles vaccination in other parts of the region.

In addition, in some of the areas where the effectiveness of measles
vaccination has been demonstrated, there is evidence that the efficacy may have
been quite low at other times. For example, the studies by Aaby and his
colleagues demonstrated that the measles vaccination program in Bandim,
Guinea-Bissau, reduced child mortality during 1979-1981 (Aaby et al., 1984b).
However, a later study showed that vaccine efficacy was no more than 68 percent
in Bandim among children born in 1984-1985 (Aaby et al., 1990b).

Similarly, Garenne et al. (1985) showed that in Senegal the number of
reported measles cases and the proportion of mortality attributed to measles
dropped in several areas after the national vaccination campaign in 1966-1968.
However, both reported cases and measles mortality returned to high
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levels during 1972-1978. Garenne et al. (1992) also examined vaccine efficacy
during the national vaccination campaign in one rural area in 1986-1987. Vaccine
efficacy was reasonable (86 percent), but below the levels achieved in clinical
trials in the same area.

These studies suggest that even in areas where measles vaccination has been
demonstrated to be very effective in reducing mortality, the health programs did
not always maintain high levels of effectiveness. This lack of effectiveness is
supported by occasional reports of high failure rates in other programs (e.g., Cutts
et al., 1990a; Adu et al., 1992). The evidence from some areas suggests that
large-scale programs can succeed in reducing the incidence of measles (e.g.,
Foege, 1971; Dabis et al., 1988; Expanded Programme on Immunization, 1989;
Cutts et al., 1991; Kambarami et al., 1991). However, program vigilance in
necessary to ensure a reasonable level of vaccine efficacy in routine programs.

Measles vaccination programs are not likely to eliminate measles from
Africa in the near future. Therefore, there will continue to be cases of measles
that require treatment, especially among children who are too young to be
vaccinated according to the standard vaccination schedule. These younger
children have higher risks of measles mortality in addition to elevated risks from
the diarrhea, pneumonia, and malnutrition that frequently accompany measles.

Studies suggest that vitamin A supplementation may reduce measles
mortality. However, evaluation of treatment strategies for measles cases
continues to be a pressing need. Studies need to be conducted that include longer
follow-up of cases and controls to ensure that increases in survival to hospital
discharge represent long-term gains and not just short-term abatement of the
underlying risks.

PERTUSSIS (WHOOPING COUGH)

Although a commonly occurring and often debilitating disease, whooping
cough has been a neglected subject of research throughout the world and in
developing countries in particular. Mortimer (1988) notes that in preindustrial
Britain, the lack of earlier recorded history of pertussis may have been due to the
preoccupation of physicians with other severe infections, such as plague, typhus,
and smallpox, leaving the care of pertussis to mothers and other caregivers. The
case would appear to be the same in contemporary Africa. A recent editorial in
the South African Medical Journal (1989) noted a visible lack of interest in this
important disease by researchers and physicians alike.

One possible explanation for this persistent lack of attention is that pertussis
is a less visible infectious disease than others. It is characterized
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primarily by a cough, a symptom that can be caused by many other organisms.
Although a frequent cause of death, whooping cough rarely kills in a quick
dramatic way, as measles, smallpox, and cholera do. Pertussis is also more
difficult to document both bacteriologically and serologically than many other
diseases.

PERTUSSIS IN DEVELOPED COUNTRIES

Epidemiology

Whooping cough is a bacterial respiratory infection caused by
Bordetellapertussis. Bordetella parapertussis, a closely related organism, can
produce a similar disease, although its incidence seems to be 20 times lower than
B. pertussis (Muller and Leeuwenburg, 1985). Cases of pertussis-like diseases
have also been attributed to B.bronchiseptica and to different viruses. The
incubation period is generally considered to be 9 or 10 days. During the first
week, the symptoms are mild (cough, fever). The cough later becomes spasmodic
and is often followed by a characteristic whoop, bluish coloring of the skin, and
vomiting. This phase can last several weeks. Recovery is slow and gradual, and
the cough may persist for many weeks (Mortimer, 1988).

The classical clinical picture of severe cases among older children is usually
easily recognized by medical personnel and even by parents themselves.
However, infants often have atypical symptoms, and mild forms of the disease
are seen at all ages, especially in isolated cases outside major epidemics, and
among vaccinated children. Culture of B. pertussis in the laboratory is also
difficult. Even with laboratory confirmation, the algorithms for diagnosis have
relatively low sensitivities and specificities (Mortimer, 1988; Patriarca et al.,
1988). For example, Patriarca et al. (1988) studied four different serologic tests
for diagnosing cases of pertussis. By combining the presence of cough for at least
two weeks with each of these tests individually, they achieved specificities
ranging from 75 to 90 percent with sensitivities ranging from 82 to 91 percent.
Without the serology, they could only achieve a specificity of 80 percent with a
sensitivity of 50 percent or less.

Whopping cough is a relatively frequent cause of death in developing
countries. Sudden death from asphyxia due to obstruction of the airway may
occur in the most severe cases. Furthermore, B. pertussis infection may induce
pulmonary, encephalitic, and nutritional complications. Pulmonary changes may
be caused by B. pertussis itself or, more frequently, by secondary invasion of
other microorganisms such as streptococci or pneumococci. These changes may
be sufficiently severe to compromise respiratory function and cause death. Acute
encephalopathy may cause convulsions,
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altered consciousness, permanent brain damage, or death. The persistent vomiting
after the cough can also induce severe malnutrition, dehydration, and later death
(Morley, 1966; Mata, 1978). In addition, pertussis may aggravate other infectious
diseases such as measles and tuberculosis.

Whooping cough is transmitted from person to person by droplet spread
(e.g., during coughing or sneezing) and usually occurs in epidemics. Virtually all
children are susceptible to whooping cough from birth. Most children are infected
before age 15 years, and in unvaccinated populations, the incidence, periodicity,
and dynamics of whooping cough epidemics are similar to measles epidemics. A
case generally confers lifetime immunity.

Pertussis is highly contagious after infection and the onset of cold-like
symptoms, which occur one to two weeks before the typical whooping cough
begins. Mortality from pertussis can be controlled by proper case management
based on antibiotic therapy. The cough may last for one to two months in cases
not treated with antibiotics (typically erythromycin, which is an expensive drug in
Africa). In the untreated case, the person may remain communicable for 4-5
weeks. Among those receiving treatment, the period of infectiousness usually
lasts only 5-7 days after beginning therapy (Benenson, 1985).

Vaccine Efficacy

The main strategy for reducing pertussis mortality is immunization
programs. A first generation of killed whole-cell vaccines was developed before
World War II, but gave poor results. A second generation of whole-cell vaccines
combined with other antigens was marketed around 1950. The diphtheria-
pertussis-tetanus vaccine is a major component of national immunization
programs. However, the pertussis vaccine has not only a relatively low efficacy
but also infrequent side effects, such as convulsions, high fevers, and brain
dysfunction, and has been the object of major controversies (Miller et al., 1982;
Ferry, 1984; Hinman, 1984; Hinman and Koplan, 1984). It is still not
recommended in some European countries. A third generation of vaccines, the
so-called a cellular vaccines, has been developed and used in Japan for many
years. Several other formulas are under study.

The protective efficacy of the vaccine depends very much on the definition
of a case. The vaccine seems to have virtually no capacity to protect against the
infection, defined as the presence of the pathogen and at least one day of cough.
However, it seems to protect against the severe forms of disease, and probably
against death. Studies in the United States and in the United Kingdom have
shown that vaccination reduces the severity of the disease, measured by duration
of symptoms, mean number of coughing spasms, number of complications, and
admission to hospital (Cherry, 1984; Pollock et al., 1984).
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One dose of the vaccine provides little protection, and three to four
injections are needed to provide maximum protection. In an outbreak
investigation in Atlanta (Broome et al., 1981), the efficacy of three injections of
whole-cell pertussis vaccine was estimated at 94 percent (95 percent C.I. 75-99
percent). Another smaller study in Maryland reported by Cherry (1984) found an
efficacy of 89 percent among children aged 0-9 years. In England and Wales,
protective efficacy was estimated in 10 different studies; results varied from 31 to
87 percent, with a mean of 57 percent (Cherry, 1984). The largest and most
comprehensive study conducted in England and Wales (Fine and Clarkson, 1984)
estimated the efficacy at 56 percent (95 percent C.I. 50-61 percent).

The World Health Organization currently recommends that children in
developing countries receive three injections of DPT at intervals of at least four
weeks. The first injection should be given as soon as possible after 6 weeks of
age. In many countries, children are rarely fully vaccinated before age 6 months,
creating a high-risk period for pertussis during the first six months of life.

PERTUSSIS IN AFRICA

Epidemiology

Prior to large-scale vaccination in the 1970s, whopping cough may have
been among the top 10 causes of death among infants and children in sub-Saharan
Africa. However, because of the difficulty in diagnosing pertussis by using
verbal autopsies, we cannot be sure of its true importance. Even in the United
States, pertussis cases are widely unrecognized (Hinman et al., 1986). In Africa,
as in other developing countries, pertussis mortality rates are highest in the first
six months of life and decline rapidly with age. The age pattern of deaths differs
from that of measles, from which death rarely occurs before 4 months of age.

Much of what is known about pertussis in Africa is based on two
longitudinal studies conducted in rural areas—Machakos, Kenya, and Niakhar,
Senegal. In Machakos, two epidemics of pertussis occurred between 1974 and
1981. The average annual incidence for the period 1974-1981 was estimated at
1.6 percent among children under age 15 and 2.7 percent among children under
age 5. Vaccination coverage was relatively low during this period. The case-
fatality rate was 10 per 1,000 for all ages combined and 26 per 1,000 under age 1
(Muller et al., 1984b). These case-fatality rates (like the rates for measles in
Machakos) are much lower than those recorded elsewhere (World Health
Organization, 1975).

The pertussis incidence rate in Niakhar between 1983 and 1986 was 107 per
1,000 among children under age 5. The median age of cases was
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4.5 years, and vaccination coverage was very low during this period (4 percent).
However, as vaccination coverage increased between 1987 and 1989, the
incidence rate was reduced by 79 percent (M. Garenne, personal communication,
1992). The case-fatality rates between 1983 and 1986 were 23 per 1,000 for all
ages combined and 59 per 1,000 for infants. During 1987-1989, when vaccination
coverage was higher and children were treated whenever possible, the case-
fatality rate among children under 5 dropped to 13 per 1,000, a reduction of 43
percent. There were no pertussis deaths in the study area between 1988 and 1990
(Garenne et al., 1991). Cases of malnutrition were observed twice as often among
children under age 5 after pertussis as after measles (Garenne and Cantrelle,
1986).

Vaccine Efficacy

In Machakos, the incidence of pertussis among vaccinated children was 54
percent lower than among nonrandomized controls of the same birth cohorts
(Muller et al., 1984a,b). This finding suggests a vaccine efficacy similar to that
observed in developed countries. Similar values were also found in South Africa.
Investigation of an epidemic in Cape Town, South Africa, in 1988-1989 (Strebel
et al., 1991) estimated an incidence rate of 66.7 percent among pre-primary
school children with less than two doses of the DPT vaccine and 32.1 percent
among those with three or four doses of the vaccine. This incidence suggests an
efficacy of the pertussis vaccine of 52 percent (95 percent C.I. 12-74 percent).
Preliminary results of a study conducted in Senegal showed a similar efficacy of
65 percent (M. Garenne, personal communication, 1992). Much of the variation
in the vaccine efficacy arises from a range of case definitions. If a case definition
of three weeks of cough is used, then the vaccine will have a high efficacy; but if a
case definition of the presence of bacteria and one day of cough is used, the
vaccine efficacy will be lower.

PROGRAM EFFORT

Figure 3-4 shows the proportion of children aged 12-23 months who had
received three DPT injections as recorded in surveys taken around 1981 and
1991. In 1981, about 21-24 percent of African children had received three DPT
injections (United Nations Children's Fund, 1991). By 1991 the proportion had
increased to about 50 percent (International Science and Technology Institute,
1990; Expanded Programme on Immunization, 1992; Nigerian Federal Office of
Statistics and Institute for Resource Development, 1992). This increase shows
substantial progress, but leaves many children unprotected. The average for the
continent is heavily influenced by low coverage rates in the three largest
countries in the region. For 1991,
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FIGURE 3-4 Proportions of children aged 12-23 months who have received
three injections of DPT vaccine, countries of sub-Saharan Africa, 1981 and
1991. SOURCES: 1981 data from United Nations Children's Fund (1991); 1991
data from International Science and Technology Institute (1990) and Expanded
Programme on Immunization (1992).
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Nigeria had a rate of 33 percent, Ethiopia 44 percent, and Zaire 32 percent.
In the rest of the region, coverage averaged 60 percent. However, the coverage
rates in any one country can change drastically from year to year in response to
major vaccination campaigns and political disturbances.

Unlike measles, there are very few studies of trends in the incidence of
reported cases of pertussis. Data on outpatient cases of pertussis and coverage
with three injections of DPT are available for Malawi between 1976 and 1987, as
shown in Figure 3-5 (Expanded Programme on Immunization, 1989). During
most of the period, vaccination coverage was increasing and the number of cases
tended to decline. However, there were relatively large numbers of cases reported
in the last three years of the series, which may have been due to the number of
unvaccinated older children. The correlation between coverage and incidence is
only .28, not statistically significant. However, in Cape Town, South Africa,
pertussis death rates among nonwhites declined dramatically after introduction of
the DPT vaccine in January 1950 (Strebel et al., 1991).

FIGURE 3-5 Trends in pertussis vaccination coverage and reported cases of
pertussis in Malawi, 1976-1987. NOTE: Pertussis vaccination coverage is
defined as children having three doses of vaccination against diphtheria,
pertussis, and tetanus. SOURCE: Expanded Programme on Immunization
(1989).
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SUMMARY

Pertussis receives relatively little attention because it is less visible than
other diseases and its symptoms are less distinguishable from those of other
diseases. The pertussis vaccine, requiring at least three doses to be effective, is an
essential component of child survival programs. The exact effect of the pertussis
component of EPI vaccination on child mortality has not yet been determined,
although studies suggest a wide range of efficacy. As with measles, a major
benefit of the pertussis vaccine is that it lowers the severity of infection. As a
consequence, it is also likely to lower the incidence of malnutrition, which is
often caused by severe whooping cough. Immunization coverage has improved in
recent years and is currently estimated at approximately 50 percent.

Case management currently includes treatment with antibiotics, although the
disease is seldom detected when therapy can be most effective. Strategies for the
most appropriate case management of whooping cough in the population require
further research.

TUBERCULOSIS AND LEPROSY

Tuberculosis may be responsible for more deaths worldwide than any other
disease caused by a single pathogen (Sudre et al., 1992). Approximately 171
million Africans are infected with tuberculosis; the prevalence rate is about 34
percent (Sudre et al., 1992). The annual incidence rate of 2.65 per 1,000
population is the highest of all regions. About one-sixth of these new cases are in
individuals who are infected with the human immunodeficiency virus, which
causes AIDS. The annual mortality rate due to tuberculosis is about 0.9 to 1.0 per
1,000 population—also higher than in any other region of the world. Only about
15 percent of tuberculosis cases occur in the population under age 15. The largest
proportion of cases is found among adults aged 25 to 44 years (Murray, 1991).

Because the vaccination for tuberculosis also prevents leprosy, we consider
that disease here as well. Its incidence and epidemiology are discussed later.

EPIDEMIOLOGY OF TUBERCULOSIS

In children, infection with the Mycobacterium tuberculosis is usually
relatively benign and self-limiting. However, serious complications (particularly
miliary disease—the presence of small nodules in the affected organ or body
part—and tuberculous meningitis) are often fatal if left undiagnosed and
untreated. Most diagnosed cases are in adults (Rodrigues,
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1991), although many of these are the result of resurgence of infections acquired
at earlier ages.

Data on causes of death among children rarely include tuberculosis, probably
because of the difficulty of diagnosis. Verbal autopsies rarely provide a definitive
diagnosis of tuberculosis, although cough lasting more than three months and
weight loss are usually good indicators of respiratory tuberculosis. It is difficult to
diagnosis pediatric tuberculosis even in clinics because of the difficulty in
obtaining sputum samples from children and the unavailability of x-ray facilities.
Moreover, the clinical symptoms of pediatric tuberculosis are often atypical, and
tuberculin tests are difficult to interpret (Migliori et al., 1992). In addition, the
mortality rate due to tuberculosis probably understates the likely effect of
tuberculosis on child mortality because cases of tuberculosis may lead to severe
weight loss and indirectly increase child mortality in other ways.

The tuberculosis situation in Africa is likely to worsen significantly during
the next decade because of the link between AIDS and tuberculosis. The decline
of an HIV patient's immunity often leads to the development of an overt
infectious case of tuberculosis. Thus, the number of tuberculosis cases is
increased through resurgence of old cases among HIV-positive individuals and
through their spread of the disease to HIV-negative individuals. The incidence of
tuberculosis among children will therefore increase in areas where HIV
prevalence is high because even HIV-negative children will be subjected to an
additional risk of infection. Schulzer et al. (1992) have projected that the annual
risk of tuberculosis infection in HIV-negative individuals could increase by 13 to
141 percent in African countries, depending on the prevalence of tuberculosis and
AIDS. In southern Uganda, the annual risk of smear-positive tuberculosis (i.e.,
infective cases capable of being transmitted) among HIV-negative adults could
reach 0.4 percent by the year 2000. For the total population, Schulzer et al.
estimate that the annual risk of infection could approach 2 percent per year. An
increase in tuberculosis is already apparent in Tanzania, where the reported
number of smear-positive cases increased from 8,000 in 1984 to 10,000 in 1989.
In Uganda the annual number of confirmed cases doubled between 1984 and
1987 (Schulzer et al., 1992).

PREVENTION AND TREATMENT OF TUBERCULOSIS

There are two basic public health approaches to tuberculosis. The first is
vaccination with bacille Calmette-Guérin. BCG was derived from a strain of
Mycobacterium bovis and has been used as a vaccine against M. tuberculosis
since the 1920s. In Africa, tuberculosis is also caused by M. africanum. BCG also
provides some protection against M. Leprae, which causes leprosy. It is now a
central part of the Expanded Programme on Immunization.
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In Africa, most pediatric tuberculosis cases result from transmission from an
infectious case in an adult. Most active cases among adults result from
reactivation of infections that may have been dormant for many years. Thus, the
BCG immunization is not an effective means of reducing the incidence of
tuberculosis because it does not protect against primary infection. The
immunization merely reduces the risk of progression from latent infection to
clinically active disease (Rieder, 1992). Therefore, the best approach to reducing
incidence is treatment of cases to reduce the period of transmission. Drug therapy
can cure tuberculosis and thereby prevent death from tuberculosis as well as
reduce the spread of the disease. About 75 percent of cases requiring treatment
are among those aged 15-59 (Murray et al., 1991), and these are the source of
infection for most new cases.

The main problem in treatment programs is compliance because treatment
lasts between 6 and 18 months. Patients often feel well long before they are
cured, which leads to a high default rate. For example, in a program in northern
Ghana, 52 percent of male and 40 percent of female patients did not complete
their treatment (van der Werf et al., 1990). The default rates for the standard
therapy were 24 percent and 16 percent, respectively, for programs in
Mozambique and Tanzania (Murray et al., 1991). Default rates are lower in
programs that utilize the more expensive ''short-course" treatments. In
Mozambique, Tanzania, and Malawi, default rates for short-course regimens were
11, 10, and 2 percent, respectively (Murray et al., 1991). When patients
discontinue treatment before they are cured, they are at risk of a resurgence of the
infection and are infectious for a longer period.

Murray et al. (1991) estimate the effective cure rates5 of standard therapy in
the national programs of Mozambique and Tanzania to be 66 and 60 percent,
respectively. They estimate that the effectiveness of short-course therapy is about
90 percent in Malawi and Mozambique, and 86 percent in Tanzania.

High default rates encourage the development of drug-resistant strains. A
study in northern Ghana (van der Werf et al., 1989) found that initial resistance
(i.e., resistance among patients who reported that they had not received previous
treatment) was 27 percent to the drug isoniazid, 23 percent to streptomycin, and
29 percent to thiacetazone. Only 45 percent of samples were sensitive to all three
drugs. A study of trends in initial drug resistance in black adult patients in South
Africa (Weyer and Kleeberg, 1992) showed that resistance to isoniazid declined
from 29 percent in 1965-1970 to 14 percent in 1980-1988. Similarly, resistance to
streptomycin dropped from 34 to 12 percent. These declines are probably a result
of

5 This rate includes an estimate of the proportion of defaulters that are cured.
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improved treatment practices. However, drug resistance is still a problem in South
Africa among some ethnic groups. For example, among the Xhosa, 23 percent of
infections were resistant to isoniazid.

The studies of tuberculosis treatment programs have focused on the
effectiveness of treatment among identified cases. Because there are probably
large differences in the success of programs in identifying cases, it is difficult to
estimate the effect of treatment programs on populations. In addition, most of the
patients in treatment programs are adults. For these reasons, we limit our review
to studies of the effectiveness of vaccination programs that provide BCG.

EFFICACY OF BACILLE CALMETTE-GUÉRIN (BCG)
VACCINATION

Estimates of the efficacy of BCG in preventing tuberculosis vary from zero
to 80 percent in numerous studies (Fine, 1988). During the past 30 years there has
been extensive debate over the reasons for this variation. However, there is still
no consensus on what factors lead to high efficacy. As a result, there is a need for
studies to determine whether BCG is effective in numerous different populations.
Although the efficacy of BCG in preventing tuberculosis is variable, the
consensus is that it is efficacious—as high as 95 percent—in reducing the
incidence of serious forms of tuberculosis, including miliary tuberculosis and
tuberculous meningitis (Tuberculosis Control Programme and Expanded
Programme on Immunization, 1986; Schwoebel et al., 1993). These
complications, which are frequent in children, are usually fatal if left untreated.
Uncomplicated cases among children are relatively benign but may be important
underlying causes of mortality, working particularly through malnutrition.

BCG Efficacy Against Tuberculosis in Africa

There are three studies of the efficacy of BCG in preventing tuberculosis in
Africa. All three are case-control studies that compare the vaccination history of
tuberculosis cases with the history of nontubercular controls. There are numerous
problems that can bias case-control studies (e.g., ascertainment of vaccination
status and diagnosis of tuberculosis in children). However, the costs of
randomized control trials are so high that it is not possible to carry out such
studies in all regions (Smith, 1988).

Blin et al. (1986) carried out a case-control study of the efficacy of BCG in
preventing tuberculosis. The cases were adults aged 17-26 who were newly
diagnosed with sputum-positive pulmonary tuberculosis in 1983-1984 in the only
tuberculosis dispensary in Yaoundé, Cameroon. Many of these cases were
probably infected as children. The controls were from an
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antivenereal dispensary in Yaoundé and general dispensaries in two towns in the
region. Vaccination status was determined by the presence or absence of a BCG
residual scar. The subjects were between 0 and 18 years of age during the BCG
mass vaccination campaign.6 The estimated protective effect of BCG against
pulmonary tuberculosis in young adults was 66 percent (95 percent C.I. 53-75
percent). This estimate controls for potential confounding by sex, age,
socioeconomic group, and geographic region of origin. However, none of these
variables was significantly related to differences in efficacy.

Tidjani et al. (1986) reported on a trial conducted in Togo of BCG among
children age 6 years or less who were in contact with newly diagnosed cases of
tuberculosis. These children were at increased risk of infection and therefore
provided an efficient sample for measuring vaccine efficacy. The estimate of
efficacy of BCG from this study is 66 percent (95 percent C.I. 54-74 percent).
The data suggest that the efficacy is higher for more severe forms of the disease.
Statistical controls for the closeness of contact with a case of tuberculosis
(parents or others) and for age and sex reduce the estimated efficacy to close to 60
percent. However, the efficacy of BCG might be lower in this sample than in the
general population because the subjects were exposed to higher doses of the
bacteria, which could overwhelm the resistance they acquired from BCG.

The population of a case-control study initially conducted in Malawi
between 1980 and 1984 by Fine et al. (1986) remained under observation through
1989 (Pönnighaus et al., 1992). (The original study is discussed in the following
section with other studies of the efficacy of BCG vaccine against leprosy.) By the
end of the 1989 follow-up, 180 new incident cases of tuberculosis had been
diagnosed in the population of 83,445. Confirmation of tuberculosis was based on
sputum specimens of self-reported cases collected at health centers and the
district hospital. The infection rates among BCG scar-positive and BCG scar-
negative individuals were very similar. The differences between the age-corrected
estimates, based on a number of age groups, case definitions, and estimation
techniques, were not significant. This finding suggests that BCG vaccination is
not protective against tuberculosis in the population.

EPIDEMIOLOGY OF LEPROSY

Leprosy is an infectious disease caused by Mycobacterium leprae; it is rarely
fatal. The individual's response to the infection depends on the

6 From 1968 to 1976 the campaigns applied to the population up to age 20. After 1976,
only newborn infants were vaccinated.
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cellular immune mechanism. A person with a good cellular immune response is
more likely to have a milder tuberculoid type, and a person with weak or no
cellular immunity is likely to develop the lepromatous type (Bloom and Godol,
1983). The clinical symptoms vary from a single hypopigmented skin patch that
heals spontaneously to damage to the nervous system, bones, eyes, muscles, and
extremities. The average incubation period is estimated to be 2 to 4 years, though
it may vary from 9 months to 12 years (World Health Organization, 1985). The
World Health Organization (1982) recommends that treatment last between six
months and two years, depending on the type of case. It is estimated that
approximately 11.5 million cases of leprosy exist worldwide—5.3 million of
which are registered for treatment (Irgens and Skjaerven, 1985). In Africa, it is
thought that 3.5 million cases of leprosy exist. Only about 1 percent of the cases
are estimated to be among children under age 5 (World Health Organization,
1982).

BCG also provides protection against leprosy, and this protection is an
important element in the evaluation of its effect in Africa (Rieder, 1992). BCG
provides some protection against leprosy through cross protection between
Mycobacterium bovis and M. leprae. Studies of the efficacy of BCG against
leprosy in Asia show it to be 20 percent efficacious in Myanmar, 30 percent in
South India, and 44 percent in New Guinea (Fine and Pönnighaus, 1988).

There have been two studies of the efficacy of BCG in preventing leprosy in
Africa. The first, conducted by Stanley et al. (1981), was a cohort study of
children who were contacts or relatives of known leprosy patients in Uganda. In
the first stage of the study in 1960-1962, 16,150 tuberculin-negative or weakly
tuberculin-positive children were allocated at random to BCG-vaccinated and
unvaccinated groups. The researchers examined these children at intervals of
approximately two years for the next eight years. Eighty percent of these children
were under age 10 at the start of the study. At the first follow-up visit in 1963,
1,976 children born into the trial families were added to the cohort to increase the
number of young children in the study. Between 1970 and 1975, new cases at
leprosy clinics were checked to see if they were included in the cohort study.

Stanley et al. estimated that the efficacy of BCG against leprosy was 80
percent (95 percent C.I. 72-86 percent) based on the experience of the original
cohort recruited in 1960-1962 through 1970. The data from 1970 to 1975 suggest
that the vaccine continued to be effective 12 to 13 years after vaccination. Data on
the children who had lesions of doubtful etiology at intake suggested that BCG
may not have had a large effect on preexisting leprosy lesions. However, the
numbers of such cases were too small to produce reliable estimates of efficacy in
slowing progression of the disease. Similarly, there was no evidence that BCG
slowed the progression or
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severity of the disease in children who had no sign of lesions at intake (i.e.,
among apparent cases of vaccine failures).

Fine et al. (1986) ran a study of BCG efficacy against leprosy in northern
Malawi. This study began with a survey of 112,000 households between 1980 and
1984. Each case of leprosy was matched with all individuals living in the same
square kilometer who were of the same sex, five-year age group, and schooling
status. The study was limited to those under age 35 because BCG coverage
beyond that age was very low. Persons whose BCG scar status was doubtful or
unknown (10.3 percent) were excluded from the analysis. Analysis of the
matched case-control data led to an estimate of BCG efficacy against leprosy of
41 percent (95 percent C.I. 11-61 percent), showing very little difference across
age groups. Data on cases of leprosy identified after the initial survey (i.e.,
through prospective data collection) led to an estimate of efficacy of 57 percent
(95 percent C.I. 24-75 percent). The estimate of efficacy based on the case-
control design (41 percent) was probably biased downward because it included
some cases in which infection occurred before vaccination. Because of this bias
and because errors in BCG scar ascertainment and in diagnosis of leprosy might
reduce the efficacy estimate, the authors concluded that the efficacy was at least
50 percent. In a follow-up study between 1985 and 1989 among the same
population, an efficacy of 50 percent or greater was observed (Pönnighaus et al.,
1992).

These studies suggest that BCG is more effective against leprosy in Africa
than in South India and Myanmar (Fine, 1988; Fine and Pönnighaus, 1988).
There is no generally accepted explanation for this difference. However, it does
appear that BCG is effective against leprosy in eastern and southern Africa.
Because there are a large number of cases of leprosy in Nigeria, it would be
useful to estimate the efficacy of the vaccine in that country.

PROGRAM COVERAGE

Figure 3-6 presents the estimates of coverage of BCG by country in 1981
and 1991 (Boerma et al., 1990; International Science and Technology Institute,
1990; United Nations Children's Fund, 1991; Expanded Programme on
Immunization, 1992; Nigerian Federal Office of Statistics and Institute for
Resource Development, 1992). For all of sub-Saharan Africa, BCG coverage
increased from about 31-34 percent in 1981 to 72 percent in 1991. These
estimates are very rough. Many of the estimates come from administrative
records rather than population surveys. Even the data based on surveys usually
have a 95 percent confidence interval of about ±10 percentage points. However,
it is clear that BCG coverage has increased drastically during the past decade.
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FIGURE 3-6 Proportions of children aged 12-23 months who have received BCG
vaccination, countries of sub-Saharan Africa, 1981 and 1991. SOURCES: 1981
data from United Nations Children's Fund (1991); 1991 data from International
Science and Technology Institute (1990) and Expanded Programme on
Immunization (1992).
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SUMMARY

The prevalence of tuberculosis in Africa is estimated to be 34 percent. Given
the link between AIDS and tuberculosis, it is likely that the prevalence of
tuberculosis will continue to increase. The BCG vaccination, although of varying
and questionable efficacy, has been shown to be effective against both
tuberculosis and leprosy in Africa. However, given the great variation in efficacy
across continents, it would be useful to have more studies in different African
settings.

Programs that provide BCG have probably saved many lives and reduced
morbidity. However, no precise estimates of the effect of BCG on mortality
exist. Childhood deaths that have tuberculosis as an underlying cause may
actually outnumber the deaths directly attributed to the disease. Therefore, it is
not possible to produce an accurate estimate of the likely effect of the increase in
BCG coverage on child mortality in Africa.

TETANUS

Tetanus is a major cause of neonatal death in much of Africa, as well as
among other age groups. Because of the small proportion of the population
protected by immunization at all but childhood ages, and the large proportion of
births that occur under poor hygienic conditions related especially to home
deliveries, tetanus mortality rates in Africa are probably among the highest in the
world. The tetanus mortality rate is best documented for neonates—the
population in which the problem predominates. Tetanus of the umbilicus is
responsible for a substantial proportion of neonatal and infant mortality in many
regions where most deliveries are performed by untrained traditional birth
attendants or relatives.

EPIDEMIOLOGY

The few available studies suggest that rates of 10 to 20 neonatal tetanus
deaths per 1,000 live births are not unusual. Studies in rural parts of Sierra Leone
have led to estimates as high as 70 per 1,000 (Kandeh, 1986). Tetanus may be
less of a problem in southern and eastern Africa than in western Africa. The
Machakos project in Kenya recorded a rate of only 1.2 per 1,000 (van Ginneken
and Muller, 1984).

Some studies of tetanus are apparently biased by underreporting of neonatal
deaths. This bias is particularly important for estimates based on retrospective
reporting of deaths. In several studies, underreporting is apparent in the trends of
tetanus mortality rates. In particular, several surveys show higher rates for the
months closer to the survey date (e.g., Stanfield
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and Galazka (1984) and Sokal et al. (1988) in Côte d'Ivoire; Expanded
Programme on Immunization (1983) in Malawi; however, Melgaard et al. (1988)
report no trend in Kenya). On the other hand, estimates of tetanus mortality may
be biased upward by errors in diagnosis. For example, Snow et al. (1992)
compared verbal autopsies with records of hospital deaths. They found that
verbal autopsies performed rather well for neonatal tetanus deaths (sensitivity of
90 percent and specificity of 79 percent). These led to an exaggeration of the
neonatal tetanus mortality rate of about 30 percent.

More sophisticated treatment of tetanus cases is not currently a viable policy
option because such treatment is expensive and difficult. The case-fatality rate of
hospitalized cases of neonatal tetanus is usually 60-80 percent (Bwibo, 1971;
Kenya Ministry of Health, 1978; Merhai and Kumar, 1986; Maru et al., 1988;
Babaniyi and Parakoyi, 1989; Einterz and Bates, 1991). There are fewer data on
tetanus after the first month of life. In Kenya in 1978, the case-fatality rate among
inpatient cases was 33 percent for children 1-14 and 47 percent for adults over
age 15 (Kenya Ministry of Health, 1978).

A study in Tanzania reported a lower case-fatality rate among neonates
treated with antitetanus equine serum (Mongi et al., 1987). However, a recent
meta-analysis (which included the study by Mongi et al.) did not find convincing
evidence that this approach improved survival among neonates with tetanus
(Abrutyn and Berlin, 1991). Yet, the effect of serum depends on when it is given.
During the first two days of life, it has a beneficial effect; thereafter, it does not
(M. Garenne, personal communication, 1992).

Although improvements in case fatality are possible, only a small proportion
of neonatal cases ever receive hospital treatment (Expanded Programme on
Immunization, 1983; Babaniyi and Parakoyi, 1989). For example, in a rural area
of Côte d'Ivoire, only 2 percent of neonatal tetanus cases came to the attention of
medical authorities (Sokal et al., 1988). During 1979 in Kenya, there were 2,258
outpatient cases and 767 inpatient cases of tetanus at all ages in the 33 districts
for which data were available (Kenya Ministry of Health, 1978). Extrapolating to
the whole population, the Ministry of Health estimated that there were about
3,300 cases at all ages nationally. In comparison, Melgaard et al. (1988) used data
on three districts to estimate that there were about 8,000 to 12,000 neonatal
deaths due to tetanus annually in the mid-1980s. It is likely therefore that only a
fraction of cases of tetanus ever receive even minimal care.

PROGRAMS TO REDUCE THE INCIDENCE OF
NEONATAL TETANUS

In 1989 the World Health Assembly called for the worldwide elimination of
neonatal tetanus by 1995 (World Health Organization, 1990). The
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two policy options are improving delivery practices and providing
immunizations. One way to improve deliveries is to increase the proportion of
deliveries that occur in hospitals or dispensaries where it is easier to maintain
appropriate antiseptic practices. In hospitals and dispensaries, it is also possible to
administer tetanus antitoxin to newborns shortly after delivery—a practice
common in francophone areas (Sokal et al., 1988). Alihonou (1970) attributes the
rapid decline or reported deaths from neonatal tetanus in Dakar to this practice.
An alternative approach is to train traditional birth attendants or midwives to
improve home deliveries by using sterile instruments for cutting the umbilicus
and to treat the stump appropriately.

The other option is immunization of pregnant women, which provides
temporary immunity to the fetus and protects the newborn for several months.
The World Health Organization recommendation is that women receive two
injections of tetanus toxoid at least one month apart as early as possible during
pregnancy. One study (Owa and Makinde, 1990) suggests that children who do
contract neonatal tetanus have a greater chance of survival if their mother has had a
single prenatal tetanus injection. A single booster injection is recommended for
subsequent pregnancies. Four or five tetanus toxoid vaccinations are likely to
provide lifetime protection for the mother and for each of her children during the
neonatal period (Wassilak and Berlin, 1986). In areas where neonatal tetanus is a
serious problem, vaccination programs should target all women of childbearing
age.

In practice, most programs include efforts both to improve deliveries and to
provide tetanus immunization to women. Although the combination is probably
more efficacious than either approach alone, it is difficult to evaluate the
independent efficacy of each approach. Only one study has attempted to compare
these strategies. Orenstein et al. (1985, quoted in Babaniyi and Parakoyi, 1989),
estimated that in Nigeria the efficacy of two doses of tetanus toxoid was higher
than that of either hospital delivery or home delivery by a trained midwife.

Incidence of Neonatal Tetanus Among Hospital Deliveries

Several studies have shown that the incidence of neonatal tetanus is much
lower among hospital deliveries than among other births (Dan et al., 1971;
Stanfield and Galazka, 1984; Kofoed and Simonsen, 1988; Sokal et al., 1988).
Melgaard et al. (1987) reported that in three districts of Kenya the neonatal
tetanus mortality rates were 14.1 for home deliveries and 4.3 for deliveries in
health institutions. These estimates yield a relative risk of 3.3 associated with
home deliveries compared to hospital deliveries. Other studies have found that all
recorded cases of neonatal tetanus were among children born at home (e.g., Sokal
et al., 1988).

Women who deliver in hospitals may be different from other women in
many ways (e.g., they are more likely to live in urban areas and may be
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better educated). However, the lower incidence of neonatal tetanus among
hospital births also probably reflects better care of the umbilical stump. Even so,
hospital delivery is not a guarantee of protection. Even the most careful delivery
will not protect the child against treatment of the stump or circumcision practices
after the child leaves the hospital.

Evidence of the Effect of Training of Traditional Birth Attendants

Because of the high cost and unavailability of hospital deliveries for most
African women in rural areas, many authorities have recommended training
traditional birth attendants (TBAs) in aseptic procedures for cutting the umbilical
cord and caring for the umbilical stump. A study by Leroy and Garenne (1991) in
rural Senegal suggests that the most important risk factor for neonatal tetanus is
whether or not the person who delivered the baby washed her hands with soap
prior to cutting the cord. However, most training programs have concentrated on
improving the instrument used for cutting the cord.

There are very few studies anywhere in the world that provide evidence of
the effect of training TBAs on tetanus mortality in populations in which tetanus
toxoid coverage did not also increase (Ross, 1986). Studies in the Philippines and
Bangladesh have shown that midwife training reduces overall neonatal mortality
more than maternal immunization, but maternal immunization alone causes a
larger reduction in the incidence of neonatal tetanus than midwife training
(Stanfield and Galazka, 1984).

There has been one such study in Africa in the Thies region of Senegal. In
the first part of the study, birth attendants in six villages learned to care for the
cord properly. After this training, the neonatal mortality rate in the program
villages was 38 per 1,000 live births, compared to 101 in the control villages (Dan
et al., 1971). The recorded postneonatal rates in the two areas were identical (147
and 146 per 1,000).

In the years following this study, the program reached an increasing number
of villages. Sanokho and Senghor (1975, quoted by Ross, 1986) examined the
place of residence of neonatal tetanus cases recorded at the Khombole hospital.
The proportion of these cases that were from villages selected for the midwife
training program dropped substantially after the start of the program. These
studies suggest that the training of traditional birth attendants can reduce the
incidence of neonatal tetanus, at least in populations with high rates.

Evidence of the Effect of Programs that Provide Tetanus Toxoid
Immunization to Women

Studies of antenatal immunization against tetanus in other parts of the world
have shown that two injections of tetanus toxoid early in pregnancy
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are 95 percent effective in preventing neonatal tetanus in the child born of that
pregnancy. The effect of two injections declines over time. Some studies show
that the injections are still 40 percent effective in reducing neonatal tetanus four
to five years later, and Koenig (1992) reports that two doses of tetanus toxoid
may provide protection against neonatal tetanus for 15 years or more. A single
booster shot restores the full effectiveness. A single injection during pregnancy
provides partial protection for that pregnancy (see summary in Stanfield and
Galazka, 1984).

Susceptibility to tetanus and case-fatality rates are not affected by the
presence of other common diseases (e.g., malaria, malnutrition). Therefore, there
is no reason to expect that at a given level of neonatal tetanus mortality and a
given level of program coverage, the effect of an immunization program would
differ across populations. What is uncertain is the success rate of various types of
programs in achieving high levels of effective coverage. In particular, there is
little information on the proportion of women who deliver at home after receiving
at least two injections of tetanus toxoid. We also do not have studies that suggest
what proportion of births are partially protected by tetanus toxoid injections
during a previous pregnancy.

A few studies in Africa have demonstrated the efficacy of immunization
with or without midwife training programs. Ross (1986) reported the results of a
program that formed village health teams in 11 villages near Serabu Hospital,
Sierra Leone. The program trained TBAs in improved perinatal care and
encouraged them to refer pregnant women for antenatal care, which included
tetanus toxoid injections. Within a year of the start of the program, the neonatal
tetanus mortality rate declined from 72 to 11 per 1,000 live births (this difference
is significant at the 0.001 level). In the next few years, the mortality from
neonatal tetanus continued to decline to ''virtually zero" (Ross, 1986). The
program near Serabu Hospital must be considered a field trial because it is not
clear whether that program could be successfully replicated in larger populations.

Two studies of large-scale programs that participated in the Combattings
Childhood Communicable Diseases (CCCD) project, funded by the U.S. Agency
for International Development and carried out by the Centers for Disease Control
of the U.S. Department of Health and Human Services, provide some evidence of
the efficacy of tetanus immunization on neonatal mortality. In one area of Zaire
and two counties in Liberia, the CCCD programs were evaluated by using
retrospective maternity histories before and after the start of the program. In
Liberia, data on cause of death based on verbal autopsies suggested that there was a
reduction of approximately 50 percent in neonatal tetanus mortality (probability
less than .05; Becker et al., 1993). This decrease was probably the result of an
increase in the proportion of mothers who had received two tetanus toxoid
injections from very low levels to more than 30 percent (Vernon et al., 1993). The
CCCD
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surveys in Zaire did not include verbal autopsies. However, there was no
evidence of a decline in infant mortality. This apparent lack of effect is consistent
with the absence of neonatal tetanus cases reported by the local hospital and
health centers before the program (Vernon et al., 1993).

Because case-fatality rates are so high and few cases receive modern
medical care, we can safely use data on disease incidence to monitor programs. A
study of neonatal tetanus in Maputo, Mozambique, suggests that a vaccination
program alone can have a significant effect in urban areas. Cutts et al. (1990b)
reported that from 1976 to 1978, there were between 173 and 254 cases of
neonatal tetanus reported annually in Maputo. After the start of the vaccination
campaign, the proportion of mothers reporting at least two injections of tetanus
toxoid increased to 42 percent in 1982, 91 percent in 1983, and 87 percent in
1986. This increase in vaccination coverage coincided with a rapid decline in the
number of reported cases to a range of only 3 to 13 cases per year between 1982
and 1987. Although it is not possible to calculate the mortality effect of this
program based on these surveillance data, the program must have been associated
with a dramatic drop in neonatal tetanus mortality.

In Malawi, immunization of pregnant women with tetanus toxoid began in
1984. Coverage increased from about 27 percent in 1985 to more than 60 percent
in 19887 (Expanded Programme on Immunization, 1989). Although the number
of neonatal tetanus cases reported in hospitals dropped in 1986 and 1987, the
change was not significant.

Finally, Sokal et al. (1988) quoted a study by Yada et al. (1981) from
Burkina Faso. In one area of the country, coverage with two injections of tetanus
toxoid reached 50 percent and hospital admissions for tetanus decreased by two-
thirds.

PROGRAM COVERAGE

Figure 3-7 presents national estimates for 1981 and 1991 of the proportion
of recent deliveries in which the woman had at least two injections of tetanus
toxoid during pregnancy (International Science and Technology Institute, 1990;
United Nations Children's Fund, 1991; Expanded Programme on Immunization,
1992; Nigerian Federal Office of Statistics and Institute for Resource
Development, 1992). In 1991, about 41 percent of deliveries were protected by
recent tetanus toxoid injections. This coverage is much larger than the value for
1981, which was less than 15 percent. Estimates for West Africa, where neonatal
tetanus may be more common, indicate that

7 These figures were read from the graph in the article.
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coverage increased from about 12 to 44 percent. These estimates are subject to
numerous types of sampling and reporting error because they are often based on
women's retrospective reporting and on sample surveys. In addition, children born
to women who received several tetanus toxoid injections during previous
pregnancies are partially protected against tetanus. Despite these weaknesses, the
data suggest substantial improvements in coverage, although most pregnancies
are still not protected.

PROGRAMS TO REDUCE NONNEONATAL TETANUS
MORTALITY

The standard EPI program in most African countries includes tetanus
immunization of young children as part of the DPT series. With the high
coverage rates achieved in many areas, there have likely been reductions in
nonneonatal and pediatric tetanus. However, to our knowledge there have not
been any studies of the effect of this aspect of EPI programs. Similarly, antenatal
immunization may have reduced tetanus mortality among adult women, but we
are not aware of any studies of the effect of these programs on adult mortality.

SUMMARY

Tetanus is a leading cause of neonatal death in sub-Saharan Africa, with a
range of 10 to 20 deaths per 1,000 live births in much of the region prior to
control efforts. Lower rates in southern and eastern Africa suggest that regional
differentials exist in neonatal mortality, but this result could be due to biases
arising from underreporting of neonatal deaths. Programs designed to reduce
mortality from neonatal tetanus generally focus on improving delivery conditions
(such as training TBAs to incorporate sanitary practices) and immunizations of
pregnant women or women of reproductive age.

A number of studies conducted in Liberia, Mozambique, and Burkina Faso
indicate that as the proportion of pregnant women who are immunized increases,
mortality from neonatal tetanus decreases. For a woman to be covered adequately
against tetanus, she needs to have received at least two injections of tetanus
toxoid at least one month apart as early as possible during the pregnancy (the
first time she receives the immunization), with a single booster injection (up to
three) given during subsequent pregnancies for the mother and for the child
during the neonatal period. Results from the Demographic and Health Survey
indicate that a relatively large proportion of mothers of children born during the
five years prior to the survey in most countries were adequately immunized
against tetanus. Similarly, an association is observed between women being
immunized against tetanus
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FIGURE 3-7 Proportions of births preceded by at least two prenatal injections of
tetanus toxoid, countries of sub-Saharan Africa, 1981 and 1991. SOURCES:
1981 data from United Nations Children's Fund (1991); 1991 data from
International Science and Technology Institute (1990) and Expanded
Programme on Immunization (1992).
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and those having hospital-based deliveries. Thus, the women with the
greatest likelihood of having unsanitary conditions at delivery are also those who
have not received adequate immunization against neonatal tetanus.

CONCLUSION

The Expanded Programme on Immunization has had a large impact on
increasing vaccination coverage. As noted earlier, vaccination coverage for the
preventable diseases included in the EPI increased substantially between the
1980s and 1990s, as illustrated by the increase in BCG coverage from 28 to 79
percent and measles vaccination coverage from 18 to 54 percent. Despite the
increase in coverage, the quantity and quality of research on the effects of various
components of standard EPI immunization programs on child mortality are
uneven.

Measles has been studied widely in Africa from epidemiological and
programmatic perspectives. Programs using the standard age schedule for
vaccination with the standard vaccine can be effective in preventing measles and
reducing child mortality in Africa by large proportions. Although the vaccine is
highly efficacious, studies indicate that in some large-scale programs, cold chain
failures have greatly reduced program effectiveness. In some study areas, program
effectiveness has varied substantially over time. Although vaccination coverage
is increasing, measles is not likely to be eliminated from Africa in the near
future. Thus, in addition to the need for continued research on the disease's
epidemiology, we need to know more about treatment strategies for children who
contract the disease.

The vaccination coverage for pertussis has not achieved the EPI program
goal of 75 percent; currently, it is estimated to be about 57 percent. Pertussis is
difficult to diagnose because it has no uniquely distinguishing symptoms in its
early stages. A wide range of estimates of the efficacy of the pertussis component
of the DPT series has been reported. The vaccine, however, has reduced the
incidence of the disease and may lower the severity of infection among those who
are vaccinated and become ill. We do not have any estimates of the effect of DPT
on mortality.

Tuberculosis is an important cause of mortality and morbidity among both
children and adults in Africa, with an estimated prevalence of 34 percent. Its
effect among children may be underestimated because it is often a contributing
cause, rather than the primary cause of death. The BCG vaccination is of
questionable efficacy in preventing cases of tuberculosis—estimates range from 0
to 80 percent—but may be more effective in preventing the more serious forms
of the disease. It has also been shown to be effective in preventing leprosy.

Tetanus is a leading cause of neonatal mortality in some areas of sub-
Saharan
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Africa. It is preventable if the mother has been adequately vaccinated. Other
options for reducing the disease are the training of traditional birth attendants in
hygienic delivery practices and the administration of tetanus antitoxin to the child
shortly after delivery.

Before the initiation of the Expanded Programme on Immunization, as
recently as the early 1980s, vaccination coverage in Africa was the lowest in the
world (Rodrigues, 1991). To augment national programs, acceleration strategies
based on outreach components such as mobile units and improved cold chains
were implemented in the mid-1980s. Greater attention to these preventable
diseases through increased immunization has probably had a large effect on
reducing mortality, but the full potential of these programs has not been
achieved. Increased coverage with the standard EPI immunizations and
maintenance of high coverage should continue to be top priorities for reducing
child mortality.
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4

Other Interventions Targeted at Single
Diseases

In addition to the diseases that can be prevented through immunization, there
are other diseases that are responsible for large proportions of mortality in
Africa. In this chapter, we examine diarrheal diseases, malaria, and acute
respiratory infections.

Currently, programs aimed at controlling diarrheal diseases focus on a case-
management strategy that promotes the use of oral rehydration therapy, which
includes oral rehydration solutions, recommended home fluids such as rice water
or gruels, and feeding with extra fluid. In addition, diarrheal disease control
programs promote breastfeeding and safe weaning practices, use of potable
water, and personal and domestic hygiene. Programs that combine these different
strategies are in operation in almost all sub-Saharan African countries.

Malaria is a major cause of morbidity among children and adults, but is
particularly serious among infants and children. Strategies for controlling malaria
include eliminating breeding places for mosquitoes that transmit the disease,
direct killing of mosquitoes with insecticide, preventing mosquito bites by means
of barriers such as bed nets, drug prevention, and treating fevers that may be due
to malaria.

Acute respiratory infections (ARIs) are also discussed in this chapter.
Pneumonia is the principal cause of death among these diseases, although
bronchitis, asthma, and influenza are also responsible for some infant and child
deaths. The strategy promoted by the World Health Organization emphasizes
early detection of these infections and appropriate antibiotic
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treatment made available through primary health care programs. Although these
diseases are a major cause of infant and child deaths in the region, relatively few
sub-Saharan African countries yet have national ARI control programs.

DIARRHEAL DISEASE CONTROL PROGRAMS

The term diarrheal diseases refers to a heterogeneous group of illnesses
characterized by frequent loose or liquid stools and caused by a wide variety of
viral and bacterial pathogens, as well as a few parasites. These conditions can also
be classified as acute watery, dysenteric, or persistent diarrhea, according to their
clinical presentation. Acute watery diarrhea can be associated with substantial
losses of water and electrolytes, resulting in life-threatening dehydration.
Although not the most important cause of acute dehydrating diarrhea in African
children, cholera can also lead to high mortality in some settings. Cholera
epidemics in the 1970s and 1980s had high case-fatality rates in many countries
in sub-Saharan Africa (Glass and Black, 1992). Dysentery (generally defined as
loose or liquid stools with blood) does not commonly result in dehydration and
therefore is less often life threatening. It may require specific antimicrobial
therapy. Persistent diarrhea, usually defined as any diarrheal episode that
continues for 14 days or more, is often found in children who have malnutrition
and a high incidence of prior diarrhea. Therapy is focused predominantly on
nutritional management during and after the illness.

There is limited information on the frequency of occurrence of the various
clinical syndromes of diarrhea or the frequency of dehydration. In The Gambia, it
was found that 17 percent of children had at least one episode of clinically
dehydrating diarrhea in the first two years of life (Goh-Rowland et al., 1985).

EPIDEMIOLOGY

Diarrheal diseases are recognized as an important public health problem in
the countries of sub-Saharan Africa. A recent review by Kirkwood (1991) of
more than 100 surveys or longitudinal studies of diarrheal disease in 33 sub-
Saharan African countries found that the overall median incidence of diarrhea
was 4.9 episodes per year for a child less than 5 years old, and that the median
prevalence was nearly 10 percent. Where information was available by age, the
peak rates of incidence and prevalence appeared to occur in children 6-18 months
old, as in other developing countries. In sub-Saharan Africa, diarrhea is generally
the most common cause of death during the postneonatal period and the second
most common among children aged 1-4 years.
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Globally, diarrheal diseases are considered to be one of the two leading
causes of death among children. Again, as summarized by Kirkwood (1991), a
large number of studies using various methodologies to ascertain the causes of
death indicated that a median of 38 percent of all deaths in children aged 0-4
years were associated with diarrhea, but within a wide range from 4 to 70
percent. Studies of the diarrheal mortality rate among children under age 5 are
infrequent, and many of the studies that exist are of questionable validity. It is
very difficult to obtain reliable estimates of incidence rates even with frequent
surveillance. For example, reliability tests in Kenya suggest that mothers were
overreporting diarrhea among children by 15 to 40 percent (Leeuwenburg et al.,
1978). Among the studies using better methodologies, estimates ranging from 3.4
to 18.0 diarrheal deaths annually per 1,000 children under 5 years old were found
for small areas of Kenya, Malawi, Senegal, and Tanzania.

It has generally been believed that many if not most of the childhood deaths
associated with diarrhea in developing countries are the result of acute
dehydration. Undoubtedly acute dehydrating diarrhea represents a substantial
proportion of the diarrheal deaths, but it may be less a predominant cause than
initially believed. Recent information from four countries (India, Bangladesh,
Brazil, and Senegal) indicates that acute watery diarrhea accounted for about 35
percent (25-46 percent) of all diarrhea-associated deaths (Programme for Control
of Diarrhoeal Diseases, 1991a). In Bangladesh, 40 percent of diarrhea-associated
deaths in the age group 1-11 months and only 9 percent in the age group 1-4
years had acute watery diarrhea (Fauveau et al., 1991). The remainder of the
diarrhea-associated deaths in these settings were associated with either acute or
persistent dysentery or persistent nondysenteric diarrhea. In 30 villages in
Senegal, 46 percent of the diarrhea-associated deaths in children under 5 years of
age were with acute diarrhea, 47 percent with persistent diarrhea, and 8 percent
with dysentery. In addition to the role of diarrhea as a primary cause of death, it
may also contribute indirectly to high mortality through malnutrition and
micronutrient deficiency, which are important underlying factors for a high
proportion of child mortality in sub-Saharan Africa.

Information on the epidemiology of diarrhea in Africa indicates great
similarity with other impoverished populations in developing countries that have
crowded conditions, inadequate sanitation, limited quantity and quality of water,
and poor personal and domestic hygiene (Kirkwood, 1991). One major source of
infection is weaning foods, which are often stored and fed to the child throughout
the day (Rowland et al., 1978; van Steenbergen et al., 1983). As in the other
settings, malnutrition is common, and some infectious diseases such as measles
and malaria may also increase the incidence or adverse consequences of diarrhea.
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TREATMENT

Diarrheal disease control programs in developing countries, including those
in sub-Saharan Africa, have focused primarily on the management of acute
dehydrating diarrhea (Claeson and Merson, 1990). Studies begun in the 1970s
demonstrated that diarrheal dehydration could be treated with oral as opposed to
intravenous fluid and electrolyte replacement, potentially making this therapy
much more widely accessible (Parker et al., 1985). Subsequent studies have borne
out the applicability of oral rehydration therapy (ORT), along with continued
feeding in the management of diarrhea. This approach, with the selective use of
intravenous fluids for severely dehydrated cases, has formed the mainstay of
diarrheal disease control programs. Unfortunately, not much attention has been
paid to date to protocols for the correct use of antibiotics for the treatment of
dysentery or to the dietary management of persistent diarrhea, and these two
problems may account for a majority of the diarrhea-associated deaths.

The efficacy of ORT in comparison with intravenous therapy has been
amply demonstrated in controlled research settings throughout the last two
decades. Furthermore, the effectiveness of ORT in hospitals (based on inpatients)
has also been proven. Studies of children under age 5 in hospitals in Angola,
Malawi, and Nigeria have documented declines of 39 to 95 percent in case-
fatality rates among all diarrheal patients (World Health Organization, 1988).
Studies in Angola, Nigeria, and Zaire further documented reductions in under-5
inpatient diarrheal case-fatality rates ranging from 7 to 46 percent (World Health
Organization, 1988). In only one study in Malawi did the inpatient case-fatality
rate increase; this result was linked to an increase in the severity of cases that
were admitted to the hospital, with more patients being managed as outpatients.
In addition to reducing case-fatality rates, ORT programs in these major hospitals
reduced inpatient admissions by 10-95 percent, and in several cases, the average
number of days children were kept in the hospital declined by more than a day.

Although there has not been a population-based study that demonstrates a
reduction in mortality from the introduction of ORT in hospitals in Africa, there
has been one in a rural area of Bangladesh. This study indicated that in an area
with high access to a diarrheal treatment center, facility-based care may have
reduced infant mortality by 1-8 percent and 1- to 4-year-old mortality by 4-14
percent (Oberle et al., 1990). Another study in the same area of rural Bangladesh
also suggested that the diarrheal treatment center resulted in an 8 percent
reduction in infant mortality and a 12 percent reduction in 1- to 4-year-old
mortality (Chen et al., 1983).

It has been hypothesized that the use of oral rehydration therapy begun early
in an episode of diarrhea could prevent the development of dehydration and
reduce related mortality. A number of community-based research
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studies were conducted to evaluate the effect of home management of diarrhea on
total and diarrhea-associated mortality. These studies are reviewed here briefly
because they provide the only available evidence of the efficacy or effectiveness
of diarrheal disease control programs in relation to mortality at a population
level.

A study conducted between 1977 and 1979 in a remote area of Bangladesh
compared mortality in a village in which oral rehydration solution was provided
for episodes of diarrhea, with mortality in another village where persons had no
home provision of treatment but were closer to a diarrheal treatment center than
the treatment group (Rahaman et al., 1979). The study reported that the village
with home ORT (78 percent of diarrheal episodes being treated) had a diarrheal
mortality rate among infants of 1.6 per 1,000 compared to 17.4 per 1,000
population in the comparison area. The diarrheal mortality rate in children 1-4
years was 1.9 per 1,000 in the intervention area and 5.7 per 1,000 in the
comparison area. Rahaman et al. (1982) compared the comparison group and
other nonintervention areas and reported that the attendance rate at the diarrheal
treatment center for persons living further away was lower. Also children living
more than 2 miles away from the treatment center had higher diarrhea-associated
mortality than those living closer to the center.

A number of studies have been conducted in Egypt, first as large-scale
community-based intervention trials and later as evaluations of an extensive
National Control of Diarrheal Diseases Program. A study begun in 1980 in the
Nile Delta (Dakahlaia governorate) to compare various delivery strategies for
oral rehydration therapy (Kielmann et al., 1985) described a decrease of 40
percent in total childhood mortality after the introduction of ORT through home
visiting. A different intervention, also in the Nile Delta (Menoufia governorate),
in the same time period did not succeed in substantially altering the diarrheal
treatment practices in ''treatment villages" compared with "control villages," and
reported no change in childhood mortality rates (Tekçe, 1982).

The National Control of Diarrheal Diseases Program (NCDDP) in Egypt
later achieved wide use of ORT for diarrhea of 50 percent and higher. After the
program had been in operation for four years, the intervention and control areas
involved in the previous Dakahlaia governorate study were evaluated for trends in
mortality (National Control of Diarrheal Diseases Project, 1988). In 1986 the use
of ORT was equivalent in what had previously been intervention and control
areas as a result of national program efforts. By this time, there was no longer a
difference in mortality rates, which in both instances were about half of those at
the onset of the intervention study in 1980. Most of the mortality reduction was
reported to be related to a drop in diarrhea-associated mortality. Further
evaluation of the NCDDP has indicated substantial declines in infant mortality of
approximately
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8 per 1,000 and diarrhea-associated infant mortality of approximately 7 per 1,000
on a national basis (Rashad, 1989, 1992; El-Rafie et al., 1990). The temporal
concordance of the sharp drops in mortality with the increasing rates of treatment
with ORT, along with the apparent decrease in diarrhea-associated but not other
mortality in this period, has led to the conclusion that the program efforts resulted
in the mortality reduction. However, because there were other changes during this
time period, such as improvement in immunization coverage, changes in
nutritional status, and enhancement of other health services, the direct
contribution of the diarrheal disease control program or of other health programs
cannot be quantified with certainty.

Unfortunately, few studies of the mortality impact of ORT programs have
been done in other areas, and none have been done in sub-Saharan Africa. A
study in India provided oral rehydration solution at a community level for
episodes of diarrhea and reached levels of usage of up to 68 percent in study
areas (Kumar et al., 1987). This study reported a substantial decrease in case-
fatality rates and about a 60 percent reduction in diarrhea-associated deaths.
However, the total childhood mortality rate in the areas differed by less than 10
percent from the rate in control areas.

The available studies suggest that childhood mortality can be reduced by
diarrheal case-management programs that achieve a level of coverage of
approximately 50-60 percent and effective use of oral rehydration therapy for
diarrheal episodes. However, national diarrheal disease control programs have
been variable in their success in achieving high coverage and effective use of
ORT. Globally, it is estimated that 36 percent of diarrheal episodes are treated
with ORT and the rate of use in sub-Saharan Africa is estimated by WHO to be
similar (Programme for Control of Diarrhoeal Diseases, 1991b). However, it is
recognized that ORT is not always utilized correctly (Touchette et al., 1990).
Figure 4-1 illustrates the use of ORT during recent episodes of diarrhea, based on
data from eight Demographic and Health Surveys (DHS) conducted in sub-
Saharan Africa. A wide range of 3 to 72 percent is observed. In some countries,
such as Botswana, Burundi, and Ghana, commercially prepared oral rehydration
salts (ORS) are used more frequently. In Kenya and Nigeria, home-prepared
solutions are used more often. (Zimbabwe did not report data on ORS.) Although
approximately 70 percent of recent childhood diarrheal episodes received ORT
according to the DHS in Botswana and Kenya, only 19 and 29 percent,
respectively, of these cases were said to have received more fluids, as they should
have (Boerma et al., 1991). Furthermore, although the recommendation is to
continue the use of solid foods as before the illness, approximately half of the
children in both of these settings were said to have been given less solid food
during their illness. Also, the use of drugs, most of them unnecessary and some
hazardous, remains quite high.
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FIGURE 4-1 Use of oral rehydration therapy among children under 5 years of
age, selected countries of sub-Saharan Africa. NOTE: Cases of diarrhea reported
in the two weeks prior to survey. BWA—Botswana, BDI—Burundi, GHA—
Ghana, KEN-Kenya, LBR—Liberia, MLI—Mali, NGA—Nigeria, TGO—Togo,
UGA—Uganda, ZWE—Zimbabwe. SOURCE: Demographic and Health Survey
reports (see Appendix B).

In eight DHS that collected information on the use of drugs during recent
episodes of diarrhea, the median value was approximately 30 percent of episodes
having received drugs, with a range of 10 to 44 percent (Boerma et al., 1990).

Demographic and Health Surveys can also be used to examine differentials
in the use of ORT for treatment of diarrhea. Although children in the first six
months of life may have a high risk of dehydration and subsequent mortality
when they have diarrhea, eight DHS in sub-Saharan Africa (Botswana, Burundi,
Ghana, Kenya, Liberia, Mali, Togo, and Uganda) consistently found that this age
group had the lowest rate of use of ORT for diarrhea. In these surveys, there is
evidence that use of ORS packets was higher in urban than in rural areas, with the
exception of Kenya. In all countries except Uganda, there were higher rates of use
of ORS among mothers with more education. ORS use was also higher in all
countries in households with a radio. Thus, appropriate case management of
diarrhea may still be inadequate in reaching the socially and economically
disadvantaged populations of these countries, populations that are likely to have
higher rates of childhood mortality.

With the severe limitations of data from sub-Saharan Africa, it is almost
impossible to make calculations of current or future reductions in
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child mortality because of diarrheal disease control program efforts. However,
even simplistic calculations can provide a perspective on the relative magnitude
of the mortality impact that might be expected. For illustrative purposes, we
assume that (1) 50 percent of diarrhea-associated mortality can be prevented by
ORT if it is used optimally, and (2) currently 35 percent of diarrheal episodes are
treated in the countries of sub-Saharan Africa, but (3) only 50 percent of these are
treated effectively. Given these assumptions, we can calculate the maximum
effect on diarrhea-associated mortality by multiplying these fractions together.
Thus, these calculations would suggest that present levels of diarrheal disease
control program efforts in sub-Saharan Africa may be reducing diarrhea-
associated mortality in children under 5 years of age by approximately 9 percent.
If 40 percent of deaths under age 5 are associated with diarrhea, then these
programs might be reducing mortality under age 5 by about 3 or 4 percent.
Additional reduction of diarrhea-associated child mortality could be achieved by
increasing the number of episodes treated with ORT, improving the quality of
diarrheal management, and widening program focus to address more fully the
problems of dysentery and persistent diarrhea.

SUMMARY

Diarrheal diseases are a major contributing cause of infant and child
mortality worldwide. The median number of episodes among children under 5 in
studies in sub-Saharan Africa was 4.9 per year, with peak rates occurring between
ages 6 and 18 months. Estimates of mortality due to diarrhea vary widely across
studies and across populations. However, diarrheal diseases are often among the
top three causes of death.

Most interventions directed at diarrheal disease focus on the management of
acute dehydrating diarrhea by using oral rehydration therapy and continued
feeding. Little emphasis has been placed on antibiotic therapy for treating
dysentery or on dietary management for persistent diarrhea. Oral rehydration
therapy is commonly used, and both hospital-based and community-based studies
show that it is efficacious in reducing mortality from dehydrating acute watery
diarrhea, but may be of limited use for treating dysentery and persistent diarrhea.
No evaluations of the mortality effect of ORT have been conducted in sub-
Saharan Africa, and virtually all research conducted in the region has been
hospital based. Although it is an effective treatment, it is often used incorrectly or
not given to infants under 6 months of age.

There is a need for more research on how to improve the coverage and the
quality of home-based treatment and on the mortality impact of programs that
encourage the use of ORT. Research on educational and other programs could
contribute to a reduced incidence of the infections that
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cause diarrhea. Because the effect might be a reduction in mortality under age 5
of less than 5 percent, it would be very difficult to design studies that could
document the effect of the programs on mortality rates.

MALARIA CONTROL PROGRAMS

Malaria is one of the major causes of death in Africa, and it is almost
certainly responsible for the largest number of healthy days of life lost to disease
in the entire population of certain countries (Ghana Health Assessment Team,
1981). It accounts for 20 to 60 percent of all illness seen in health facilities in the
region, even though a large proportion of cases are treated only at home
(Campbell, 1991). The World Health Organization has estimated that there are 1
to 2 million deaths worldwide from malaria each year (World Health
Organization Scientific Group on the Chemotherapy of Malaria, 1990); most of
these are in sub-Saharan Africa. Malaria mortality and morbidity may actually be
increasing (Greenberg et al., 1989; Brinkmann and Brinkmann, 1991) as malaria
moves into areas where it was previously absent or under control (e.g., Trape,
1987; Gascon et al., 1988, quoted by Brinkmann and Brinkmann, 1991).

The treatment of malaria is increasingly complicated by resistance to
chloroquine. Brinkmann and Brinkmann (1991) concluded that in most countries
of Africa, chloroquine resistance is found in from 25 to more than 60 percent of
children. Recent studies have documented chloroquine resistance in all areas of
the continent including most recently Senegal (Trape et al., 1989), Liberia
(Björkman et al., 1991), and other parts of West Africa (Moran and Bernard,
1989), Somalia (Warsame et al., 1991), and South Africa (Freese et al., 1991).
However, treatment with chloroquine remains effective in the majority of cases.

EPIDEMIOLOGY

Malaria is a parasitic disease that is spread by mosquitoes. Various stages of
the parasite's life cycle must take place inside mosquitoes, so direct transmission
between individuals is not possible except through blood transfusion. Therefore,
the study of malaria transmission and of potential control measures includes
studies of the biology of the parasite, the life cycle of mosquitoes, and the natural
history of the disease in man.

There are several species of malaria. The most dangerous species is
Plasmodium falciparum, which is very common in Africa. Other types include P.
vivax, P. ovale, and P. malariae. The clinical manifestations of malaria often
include a cycle of shaking chills, intense fevers, and drenching sweats. However,
the symptoms vary greatly, especially among individuals
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who have acquired some immunity to the disease. Severe cases, generally from
P. falciparum, can lead rapidly to death, often from cerebral malaria—a type of
malaria in which the parasites clog capillaries in the brain. Other severe
complications include renal failure, hypoglycemia, severe anemia, pulmonary
edema, and shock. The wide range of symptoms can make diagnosis difficult. A
definitive diagnosis of malaria infection is based on microscopic verification of
the presence of parasites in the blood.

The epidemiology of malaria depends on the environment and its effect on
the mosquito population. Malarious areas have been characterized by the level
and seasonality of transmission as holoendemic (if transmission is year-round),
hyperendemic (seasonal transmission), mesoendemic (a low level of transmission
with occasional severe epidemics), or hypoendemic (limited transmission).

Individuals who have had repeated cases of malaria can develop partial
immunity to it. However, repeated exposure is required to maintain this
immunity. Thus, adults in holoendemic areas often have high levels of immunity.
In mesoendemic regions, transmission is not frequent enough to maintain high
levels of immunity. Thus, the severity of malarial infections is related to the level
of transmission. Because children must have malaria before they can develop
effective levels of immunity, malaria mortality is especially high in children in
holoendemic and hyperendemic areas.

The Institute of Medicine Committee on Malaria Prevention and Control
(Oakes et al., 1991) recently completed a report that covered a wide range of
issues, including the current state of knowledge about the disease, the efficacy of
current drugs, the economics of malaria, and priorities for research on new drugs
and vaccines. The report presented eight paradigms that describe the range of
ecologies in which malaria persists. These paradigms are not a complete
classification system; they merely suggest the variety of circumstances in which
malaria presents a serious health problem.

The paradigm that characterizes most of the areas in Africa where malaria is a
serious health problem is the African savanna. The report (Oakes et al.,
1991:217-218) states that

eighty percent of the world's malaria and 90 percent of mortality due to the
disease occur in Africa south of the Sahara, mostly in the savannah regions .…
Malaria transmission is seasonal and correlates with relatively predictable
patterns of rainfall, although transmission may continue at lower levels during
the dry season. Because of the extremely high inoculation rates, virtually all of
those living in these areas become infected early in life. For children, treatment
… may prevent death long enough for acquired immunity to establish itself,
which can provide protection from malaria-related death or illness later in life.
Young children who do not
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acquire this protective immunity, and whose infections are not treated adequately
or promptly, are at particular risk of dying from the disease.

Six of the other seven paradigms are also represented in parts of Africa:

1.  forest malaria, which describes parts of equatorial and central Africa;
2.  malaria associated with irrigated agriculture, including the commercial

cotton farms of the Gezira in the Sudan;
3.  highland fringe malaria, in parts of Ethiopia and the mountain slopes of

Kenya;
4.  desert fringe and oasis malaria, found in areas such as the Sahel, on the

fringes of the Kalahari desert, and in parts of Ethiopia;
5.  urban malaria; and
6.  seashore malaria.1  

In some areas, the features of the environment and the disease suggest a
combination of these paradigms, such as riverine malaria, which "is usually an
intensification of either plains malaria or African savannah malaria, and
associated with greater potential for vector breeding" (Oakes et al., 1991:221).

The diversity of malaria in sub-Saharan Africa is so great that there is no
consensus on the best ways to approach the disease. There is agreement that no
single approach makes sense for all types of areas (Oakes et al., 1991). However,
national health programs have very limited resources for evaluating the situation
in each local area.

MALARIA MORTALITY IN SUB-SAHARAN AFRICA

Estimates of mortality and morbidity from malaria are uncertain even in the
best of circumstances. For example, in an excellent study of malaria mortality in
The Gambia, 23 of 25 children who died of malaria died at home, 2 died in a
dispensary, and none died in the hospital. Only six had received any treatment for
the final illness other than traditional medicine or treatment at home (Greenwood
et al., 1987). Therefore, few of these cases were ever seen by modern health
workers and most of the deaths were ascribed to malaria using verbal autopsies.

In many studies, diagnosis of cause of death is based on information
collected in verbal autopsies, although diagnosis is uncertain even in a clinical
setting (Bassett et al., 1991). Simple microscopic tests can improve diagnosis.
However, even when performed correctly this approach is problematic.

1 They also describe plains malaria associated with traditional agriculture, which is
most common in South Asia and Central America.
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In nonimmune patients, symptoms can arise from very low rates of parasitemia
(i.e., parasites in the blood), which may become apparent only after repeated
blood films. Moreover, when parasites are detected, there is no way to establish
that the malaria infection is responsible for the observed symptoms. This lack of
clarity is especially common for individuals with partial immunity to the disease
who may be asymptomatic when infected (Oakes et al., 1991).

Good estimates of the contribution of malaria to child mortality rates in
Africa are currently not available. The studies of causes of death reviewed in
Chapter 2 suggest that malaria is often the third or fourth leading cause of
mortality under age 5. However, the sensitivities and specificities of the usual
criteria for diagnosing malaria by verbal autopsies are not very high. Therefore,
estimates from verbal autopsies are probably useful only in age groups or seasons
where malaria is responsible for 10 to 25 percent of deaths.

Greenwood et al. (1987) estimated that in a rural area of The Gambia, the
malaria mortality rate was 6.3 per 1,000 among infants and 10.7 among children
aged 1-4 years. These rates amounted to 4 percent of infant deaths and 25 percent
of child deaths. However, it is likely that malaria mortality rates in this area vary
substantially from year to year. A study of children less than 3 years of age in a
coastal area of Benin estimated that the death rate due to malaria was probably
about 8 deaths per 1,000 children (95 percent confidence interval (C.I.) 3.7-14.2
deaths per 1,000 children) (Velema et al., 1991). The rate was highest in the
second year of life (14.9 per 1,000 children, 95 percent C.I. 11.2-18.6 per 1,000
children). A hospital-based study in Kinshasa, Zaire, estimated that the mortality
rate to malaria was at least 4 per 1,000 in infants and 1.6 per 1,000 at ages 1-4
years (Greenberg et al., 1989).

PROGRAM OPTIONS

In 1959, the Eighth World Health Assembly adopted the goal of eradicating
malaria. However, sub-Saharan Africa was excluded from immediate plans for
eradication because of the perceived magnitude of the malaria problem and the
lack of technical and organizational capability in the region. There were success
stories during the 1950s and 1960s, especially in cities and at higher altitudes
(e.g., Taylor and Mutambu, 1986). However, the goal of eradication proved to be
elusive. In 1960, the World Health Assembly revised its global malaria strategy to
emphasize control of malaria in areas where eradication was not possible.

The complex epidemiology of malaria provides several stages at which
interventions can reduce the transmission or severity of cases. Spraying with
insecticides and eliminating mosquito breeding grounds reduce the
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population of mosquitoes. If the number of mosquitoes is reduced enough,
malaria incidence rates will fall. Bed nets and mosquito coils can reduce the
incidence of mosquito bites and thereby reduce transmission from mosquitoes to
humans. Chemoprophylaxis is the use of antimalarial drugs (often chloroquine or
mefloquine) to protect against malarial infections. Treatment of cases (or
presumed cases) of malaria reduces the severity and duration of the disease.

During the 1950s, most antimalarial programs were based on spraying with
insecticides. This approach requires regular coverage to all areas for extended
periods of time. It also requires careful monitoring of the levels of insecticide
resistance among mosquitoes or the introduction of progressively more expensive
insecticides. In most parts of Africa, these malarial control programs have not
been sustainable because of the high degree of organization required and the
increasing costs associated with insecticide resistance. However, some of the best
evidence on the potential effects of malaria control on mortality comes from
research on the effect of spraying programs.

The following sections review the evidence of the effect of malaria
eradication on mortality and the effectiveness of three types of antimalarial
programs. The first is presumptive treatment of suspected cases with antimalarial
drugs, which includes both a review of the effect of programs designed to
increase the proportion of cases treated with chloroquine and a review of studies
of the importance of self-treatment. The second is chemoprophylaxis for
pregnant women, which is designed to reduce the incidence of complications of
pregnancy, low birthweight, and anemia among children. Finally, we briefly
examine the potential of bed nets treated with insecticide.

Today the outlook for global eradication of malaria is very dim. The spread
of drug-resistant malaria and insecticide-resistant mosquitoes has made control
even more difficult than it was 20 years ago. One promising change is the
development of malaria vaccines. There is evidence that immunization with
various antigens can both reduce the consequences of malaria infections and help
to disrupt transmission of the disease. However, efficacious vaccines will not be
available for large-scale use for several years (Oakes et al., 1991).

STUDIES OF THE EFFECT OF MALARIA ERADICATION
ON MORTALITY

There have been three studies attempting to eradicate malaria from small
areas of Africa. These studies suggest the importance of malaria, but do not offer
practical solutions for reducing its effect.
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Pare-Taveta Malaria Scheme (1954-1959)

Conducted in northeastern Tanzania, the Pare-Taveta project reduced
malaria transmission to very low levels through residual spraying of houses with
dieldrin. The crude death rate dropped from about 24 per 1,000 to between 12 and
16 per 1,000 of all ages following spraying, and the infant mortality rate dropped
from a range of 165-260 per 1,000 live births to between 78 and 132 deaths per
1,000 live births (Draper, 1962; Bradley, 1991a).

A second study, the Pare-Taveta Vital Statistics Survey (Pringle and Matola,
1967), covered the period 1962 to 1966 after the spraying program ended. It was
designed to determine whether mortality returned to previous high levels.
Although mortality at ages 1-4 returned to the earlier levels, mortality at other
ages remained at the new lower levels. There were extensive investigations into
the entomological and parasite biology and ecology to try to explain this result.
The researchers concluded that the lower mortality rates were sustained in most
age groups by a substantial, though undocumented, increase in the use of
antimalarial drugs for presumptive treatment of fevers (Draper et al., 1972;
Bradley, 1991a).

Kisumu Project

The Kisumu project tested the effect of residual spraying with fenitrothion
on mortality in a district of Kenya (Payne et al., 1976). The daily malaria
incidence rate dropped by about 96 percent in the program area. The crude death
rate in the treated area declined from 24 deaths per 1,000 in the year preceding
the spraying to 16 and 13.5 during the two subsequent years. The death rate in the
control area actually increased slightly from 23 to 26 and 24, respectively, in the
two subsequent years. The infant mortality rate dropped from 157 deaths per
1,000 in unprotected infants to 93—a 41 percent reduction. The drop in infant
mortality affected only infants over 3 months of age.

Garki Project

The Garki project tested the effects of house spraying and prophylactic drug
use on malaria in the northern part of Nigeria (Molineaux and Gramiccia, 1980).
This area is part of the Sudan savanna that runs across Africa from Senegal to the
Sudan. In the Garki area, transmission of malaria was more intense and more
seasonal than in Kisumu (Molineaux, 1985). The project tested residual spraying
with propoxur, both with and without periodic mass drug administration. In one
area there was distribution of sulfalene-pyrimethamine every 10 weeks; in a
second area, the frequency of distribution was increased
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to every 2 weeks during the wet seasons when malaria was most prevalent.
Before the start of the program, about 47 percent of the population tested

positive for Plasmodium falciparum during the dry season and about 60 percent
during the wet season (Molineaux and Gramiccia, 1980). Spraying alone brought
about little change in the prevalence of infection. During the first wet season,
prevalence in the spraying area was only 15 percent below the rate in the control
area. During the second dry season, it was 26 percent below the rate in the
control area. House spraying was not as successful in Garki as it was in Kisumu
because a large proportion of the mosquitoes in Garki remained outside the
houses and were not affected by spraying. During the dry season, the addition of
mass drug administration every 10 weeks dropped the prevalence to 98 percent
below the rate in the control area, but did not interrupt transmission. In the second
wet season, the prevalence was only 72 percent below the rate in the control area.
More frequent drug distribution reduced the prevalence by at least 95 percent, but
still did not interrupt transmission.

The demographic data collected by the Garki project were extensive.
However, the analysis of the data was weak and the sample size was small,
leaving a number of questions unanswered. The mortality data for the baseline
year suggested that it was not typical. The infant mortality rate (IMR) during the
baseline was 246 deaths per 1,000 live births. During the following two years the
IMR in the control area was only 155.2 This difference is significant at the 5
percent level.3 During the first intervention year, the IMR was 135 in the control
area and only 55 in the treatment area (all treatments combined). For the whole
intervention period the rates were 155 and 73, which are significantly different at
the 5 percent level. However, we do not know how much of this difference
between the control area and the intervention areas might be due to differences
that existed before the start of the program. Although Molineaux and Gramiccia
(1980) reported that the IMRs in the intervention and control areas were not
significantly different at the baseline, they do not report the actual values. They
also did not present the IMRs separately for the spraying area and the area that
received both spraying and mass drug administration. The data in the figures
showing seasonal fluctuations suggest that the decline in the IMR was larger in
both types of intervention areas than in the control area (Molineaux

2 This estimation combines nine deaths in the first intervention year with the seven
deaths occurring during the period through the wet season (Molineaux and Gramiccia,
1980:237) among infants.

3 The significance test compared the estimates of the age-specific mortality rate at age
zero (i.e., 1M0), which were used to estimate the IMR. For the sample size, we used the
number of person-years of observation.
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and Gramiccia, 1980:237-239, Figures 68-70). However, without baseline data
for the various areas, we do not know if the differences between the declines were
statistically significant.

The link between malaria control and differences in the IMR in the
intervention and control areas was strengthened by the relationship between the
infant death rates and the infant parasitological conversions rate (ICR), which
measured the rate at which infants became infected. During the baseline year and
in the control area data, there was a close relationship between the seasonal
patterns of the IMR and the ICR. With the start of the program, the seasonal
pattern disappeared and the IMR dropped in the intervention areas.

The mortality rate at 1-4 years also appears to have dropped in both the
control and the intervention areas during the first year of intervention. However,
the decrease in the areas that received both insecticide and mass drug
administration (70 percent) was much larger than the drop in the control area and
the area that received only insecticide (both about 25-30 percent). There was also a
sharp change in the seasonal pattern of mortality in the intervention area.
Molineaux and Gramiccia (1980) did not present an analysis of changes in
mortality over age 5.

The Garki project demonstrated that in some environments in Africa it is not
feasible to interrupt transmission of malaria. Even with extensive spraying and
frequent distribution of prophylactic drugs, the Garki project never interrupted
transmission even during the dry seasons. The high cost of this intensive approach
and the complications introduced by insecticide and drug resistance reinforce this
conclusion.

PRESUMPTIVE TREATMENT OF FEVERS WITH
ANTIMALARIAL DRUGS

Each of the three projects reviewed above demonstrated that mortality under
age 5 would decline if we could greatly reduce or eliminate malaria. However,
there is currently no feasible method for accomplishing these tasks in most of
Africa. The high costs and the heavy logistical requirements of control programs
are among the reasons for this conclusion. Also supporting this conclusion are the
exceedingly high transmission rates of malaria in much of Africa. In some areas,
rates are so high that a program would have to reduce transmission by a factor of
as much as a thousand to bring malaria under control (Bradley, 1991b).
Therefore, as Campbell (1991:1,208) has noted "the challenge for control of
malaria in African children is to develop operational strategies that will minimize
the risks of illness without eliminating the continued exposure to infection
necessary for maintaining clinical immunity."

Aggressive programs to provide chemotherapy are often advocated to
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achieve this balance. In most cases these programs take the form of presumptive
treatment with chloroquine of all childhood fevers in malarious areas during
malaria seasons. The practical reason for presumptive treatment of all fevers is
that in areas where malaria is a serious problem, it is not feasible to identify those
fevers that are due to malaria, even when microscopy is available and performed
correctly (Bradley, 1991b; Oakes et al., 1991). Moreover, in most of Africa,
microscopic verification is not available.

The potential efficacy of presumptive treatment depends in part on the
proportion of fever cases that are attributable to malaria. Greenwood et al. (1987)
estimated that in a rural area of The Gambia, only 40 percent of cases of fever in
children under age 7 were attributable to malaria. In a monthly household survey
in Benin, only about 33 percent of fever cases in children under 3 years of age
were attributed to malaria (Velema et al., 1991).

Even if the fever is not caused by malaria, treating a preexisting case of
malaria may reduce the overall infectious load enough to increase the child's
chance of surviving. For example, Greenwood et al. (1987) found that 64 percent
of fever cases had malaria parasites in their blood. The proportion of fever
attributable to malaria, and therefore the potential of presumptive treatment, vary
across areas and often by season. At a health clinic in Niamey, Niger, 54 percent
of children with fever in the rainy season had malaria. However, in the dry
season, only 3.6 percent had malaria (Olivar et al., 1991). Thus, these proportions
may understate the potential for presumptive treatment.

There are many questions about the long-term efficacy of presumptive
therapy in reducing mortality in Africa. In some cases, presumptive treatment
may simply delay the onset of a massive attack. For example, such a delay has
been suggested as an explanation for the appearance of cerebral malaria in
teenagers in Banjul, The Gambia (Bradley, 1991b).

Chloroquine is still the most commonly used drug for presumptive treatment
because of its safety and low cost. However, the efficacy of chloroquine is
reduced in much of the continent by chloroquine resistance. As chloroquine
resistance increases, many cases still show clinical improvement immediately
following treatment (e.g., reduced fever). However, fever and other symptoms
can return very quickly because of a failure to completely clear all parasites.
When treatment fails within a few weeks, the child may not be able to recover
fully from the attack. A study in Malawi (Centers for Disease Control, 1991)
demonstrated that anemic children with malaria did not recover from the anemia
after treatment with chloroquine. However, those treated with Fansidar showed
increased hemoglobin levels within three weeks. Chloroquine resistance may be
the cause of the reported increasing severity of pediatric anemia (Greenberg et
al., 1989).
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Studies of the Effect of Programs Designed to Increase
PresumptiveTreatment of Fevers with Chloroquine

Three basic strategies can be used to increase the proportion of fever cases
treated with antimalarial drugs. The first is to encourage parents to take children
to a health center whenever they have fever. A second is to train village health
workers to treat fevers with antimalarials and to refer serious cases to a health
center. The third strategy is to encourage home use of antimalarials for treatment
of simple cases of fever. There are two studies conducted in Kenya and The
Gambia that examine the efficacy of programs that rely on village health workers
to treat cases of fever with chloroquine, as well as one study of an education
program to increase home use.

Saradidi Health Development Project

The Saradidi Health Development Project was a community health program
in western Kenya based on village-level organizations and "village health
helpers" (VHHs) (Kaseje and Sempebwa, 1989). The program raised funds to
build buildings for clinics, maternity services, and other facilities necessary for
providing community health services. The VHHs provided health education on
topics including environmental health, promotion of maternal and child health
services and immunizations, family planning, and nutrition education. In selected
areas, they provided antimalarial chemoprophylaxis (i.e., use of drugs to prevent
infection) for pregnant women and treatment for malaria. A comparison of
mortality rates before and during the community-based malaria control
intervention showed a significant decline in child mortality (ages 1-4 years) in the
intervention areas (from 25.5 to 18.2 per 1,000). However, this decline was
apparently due to lower measles mortality and not to the antimalarial activities
(Spencer et al., 1987). The research team concluded that "the most likely reason
for the lack of any detectable effect is that there was already a high level of
chloroquine use for illness presumed to be due to malaria before the
program" (Spencer et al., 1987:14). The main change in treatment patterns was a
change in the source of chloroquine from shops and health clinics to the village
health helpers (Mburu et al., 1987).

Village Health Workers in The Gambia

A study in The Gambia (Greenwood et al., 1988; Menon et al., 1990)
compared mortality and malaria morbidity rates in three areas. Two areas were
included in the government's primary health care (PHC) program. In both areas,
village health workers (VHWs) learned to treat malaria with
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chloroquine. In one of the areas the VHWs also distributed, every two weeks,
malaria chemoprophylaxis or a placebo to all children aged 3-59 months of age.
Children were allocated to the chemoprophylaxis or placebo group randomly by
compound. The third area was not covered by the PHC program, but treatment of
malaria was available from a dispensary.

The authors (Greenwood et al., 1988:1,125) summarized their results for 9 to
21 months after the start of the program as follows:

Treatment of presumptive clinical malaria by VHWs with chloroquine had no
significant effect on mortality and morbidity from malaria in young Gambian
children whilst treatment combined with malaria chemoprophylaxis given by
VHWs reduced mortality and morbidity in children aged 1-4 years. …
[Chemoprophylaxis did not reduce mortality in infants aged 3-11 months, for …
malaria accounts for only about 4% of deaths in infants.

The results remained the same in a second study 33 to 45 months after the
start of the program (Menon et al., 1990).

For whatever reasons, the program apparently did not lead to a large increase
in presumptive treatment of fevers with chloroquine. Because the VHWs were
only voluntary workers, they may not have been able to provide sufficient
coverage for acute episodes. In the villages with primary health care, children
received an average of 0.52 regimens of chloroquine per year, which included an
average of 0.34 regimens distributed by the VHWs and 0.18 regimens from a
dispensary. In the non-PHC villages, children received an average of 0.42
regimens from a dispensary. Both averages are probably too low in a community
where children have an average of 0.5 to 1.0 clinical episode of malaria per year.
Therefore, the VHWs failed to achieve a meaningful increase in the proportion of
cases treated with chloroquine. However, the study did not provide information
on whether the use of VHWs changed the promptness of treatment, amount of
drug taken, or duration of treatment.

Conclusions About the Effectiveness of Programs to Increase
Presumptive Treatment

Because the village workers in both of these programs failed to increase
treatment levels significantly, the studies do not provide tests of the efficacy of
presumptive treatment. Instead they test the use of village health workers to
increase presumptive treatment. Therefore, we still do not know what would
happen if we could achieve presumptive treatment of all fevers with chloroquine.

It may not be possible to conduct a trial of presumptive treatment with
chloroquine because in most places where malaria is a significant problem,
presumptive treatment of fevers is already common. Case-control studies
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would be hindered by problems of retrospective reporting of general treatment
practices as well as specification errors resulting from use of other modern
treatments for other diseases. It may be that studies could be based on prospective
surveys comparing families that report relying on use of chloroquine with other
families. However, even this approach is not likely to provide a reliable estimate
of the efficacy of presumptive treatment because of the likelihood of other
differences between these two groups of families.

Studies of Self-Treatment

Self-treatment of fevers with antimalarials (generally chloroquine) is very
common in many parts of sub-Saharan Africa. The term self-treatment refers to
treatment that was not given during or after a visit to a health center. It can
include, but is not limited to, use that was recommended by a pharmacy,
commercial shop, or traditional healer. In general, self-treatment is based on
drugs acquired at a shop or from a health clinic during a visit for a previous
disease episode. Table 4-1 summarizes the importance of self-treatment found in
studies in eight areas of Africa. Between 8 and 98 percent of children received
self-treatment for fevers.

Data from the Demographic and Health Surveys suggest that self-treatment
is very common. Most of the DHS in Africa inquired about recent cases of fever
among children 1-59 months of age. They generally asked whether the child was
taken to a medical facility and what treatments were received. Table 4-2 shows
that antimalarial use was reported for 20 to 74 percent of recent cases of fever
among children and that in most of the surveys, about half of the recent cases of
fever were treated at a medical facility (Burundi, Ghana, Kenya, Senegal, and
Uganda all reported values between 48 and 58 percent). In Botswana, 90 percent
reported going to a medical facility, whereas 3 percent did in Mali and 31 percent
in Togo.

The DHS did not ask where the drugs were acquired or whether they were
prescribed by a doctor. Therefore, we do not know how many children received
antimalarials before going to a clinic. However, we can derive a minimum
estimate by looking at the proportion of children who reportedly received
antimalarials but did not attend a health facility. Table 4-2 shows that in the five
countries where the DHS provides the relevant information, 9 to 35 percent of
recent cases of fever among children were reportedly treated by antimalarials but
not at a health facility. It is likely that many children who did attend a clinic
received antimalarials before going to the clinic. This is especially true for
Ghana, Senegal, and Uganda, where about half of all children with fever were
taken to a health clinic.

The most detailed study of self-treatment of fever was carried out by
Deming et al. (1989) in the Plateaux Region of Togo. They found that 83
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percent of children with a recent case of suspected fever were treated with
antimalarial drugs (almost always chloroquine) at home before attending or
instead of attending a clinic. Mothers stated that virtually all (97 percent) children
treated at home with antimalarials began treatment on the first day of their fever.
In contrast, only 17 percent of children who were taken to a clinic were taken on
the first day of fever. This difference is of consequence, given the importance of
early treatment (World Health Organization, 1990).

TABLE 4-1 Home-Based Presumptive Treatment of Fevers in Children with
Antimalarial Drugs, Eight Areas of Sub-Saharan Africa
Area Cases of Fever Receiving Antimalarials at

Home (%)
Urban
Ghana (Accra) 56
Guinea (Conakry) 51
Rural
Ghana (Berekuso) 98
Guinea (Dinguiraye) 13
Guinea (Dabola) 21
Rwanda (national) 8
Togo (Plateaux) 83
Zaire (Kingandu and Pai-Kongila) 28

NOTE: Estimates for Ghana assume that the distribution of drugs used for treating fever is
the same for home treatment (which accounted for 87 and 94 percent, respectively, of
treatments) as for all treatment.
SOURCE: Deming (1989), except for data from Ghana, which is from Gardiner et al. (1984).

Deming et al. also compared the dose reported by mothers to that required
for the child's weight. This comparison led to an estimated mean dosage of 8.9
milligrams of chloroquine per kilogram of body weight during the first 24 hours
of therapy. At the time of the survey, the recommended treatment with
chloroquine was a single dose of 10 milligrams per kilogram during the first 24
hours. The mean dosage did not differ significantly for children 0-1 and 2-4
years. Only 1 percent of reported dosages during the first 24 hours were 20
milligrams per kilogram or higher, a value taken to represent potentially serious
toxicity. The mean total dose per episode of malaria was 16.6 milligrams per
kilogram.

It appears, therefore, that in at least one area of Africa, self-treatment of
presumed fever was very prompt and the reported dosages were very
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close to the recommended levels.4 This result was obtained despite the fact that
self-treatment was not promoted as a national policy or encouraged as an
alternative to treatment at health centers, although it was recommended in local
health education projects.

TABLE 4-2 Treatment Patterns (percent) Among Children Aged 1-59 Months Who
Had a Fever, Nine Countries of Sub-Saharan Africa
Country Treated with

Antimalarials
Taken to Health
Center or Doctor

Treated with
Antimalarials but did
not Attend Health
Center

Botswana n.a. 90.2 n.a.
Burundi 19.8 49.9 8.8
Ghana 24.9 56.4 12.3
Kenya n.a. 55.5 n.a.
Liberia 73.5 n.a. n.a.
Mali 35.5 2.9 34.6
Senegal 26.7 57.6 17.9
Togo 56.5 30.8 n.a.
Uganda 57.1 48.3 28.0

NOTE: n.a. = not available.
SOURCE: Demographic and Health Survey reports (see Appendix B).

A study in The Gambia (Menon et al., 1988) tested an education program
designed to improve self-treatment of malaria. In this area, they found that
women knew little about the causes of malaria, and few (2 percent) reported that
they would use chloroquine first if they thought their child had malaria. After an
education campaign, 91 percent knew the correct treatment for various
hypothetically ill children. In a prospective survey, about 70 percent of women
gave chloroquine as instructed for treatment of fever. However, many also gave
chloroquine for upper respiratory, gastrointestinal, and dermatological symptoms
presumably not related to malaria.

This study suggests the potential for education programs aimed at proper
treatment of fevers. However, it demonstrates that these education programs
must be designed to help mothers identify malaria and to recognize serious cases
that require immediate medical attention. This type of education program might
be combined with a program that uses village health workers who could
periodically reinforce the education messages.

4 The recommended dosage in Togo were later changed to 25 milligrams per kilogram
given over three days.
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As noted earlier, self-treatment is not inconsistent with attendance at a health
clinic. In a pilot study in Accra, Ghana (Orofi-Adjei et al., 1984), nine children
presenting with fever and anemia were tested for serum chloroquine levels.
Although only two cases admitted to using chloroquine prior to admission, seven
of the children had chloroquine in their serum. Prior medication can complicate
treatment at the clinic since prescription of additional chloroquine can lead to
overdosing (World Health Organization, 1990). Also, continued treatment with
chloroquine may unnecessarily delay treatment with other drugs in cases of
chloroquine resistance.

PROGRAMS BASED ON CHEMOPROPHYLAXIS
AMONG PREGNANT WOMEN

Chemoprophylaxis is the use of antimalarial drugs to prevent cases of
malaria. The World Health Organization Scientific Group on the Chemotherapy
of Malaria (1990) concluded that "chemoprophylaxis is only recommended at
present for special risk groups, notably pregnant women, nonimmune travellers,
and nonimmune persons living in closed communities in endemic areas for fixed
predetermined periods (e.g., labor forces and police and army units)." For this
reason, chemoprophylaxis is rarely a component of health programs in Africa.
Therefore, we have not reviewed the extensive literature on the efficacy of
chemoprophylaxis for young children. We have reviewed studies about use of
chemoprophylaxis among pregnant women, which is a part of many health
programs.

The recommendation of chemoprophylaxis during pregnancy rests on the
following chain of reasoning:

Proposition 1: Malaria during pregnancy has been associated with anemia,
miscarriage, fetal death, intrauterine growth retardation, low birthweight, and
preterm delivery. Most studies find that these effects are concentrated in first
pregnancies (i.e., primigravidae). See, for example, studies of low birthweight
and malaria (Gilles, 1969; McGregor, 1984).

Proposition 2: Chemoprophylaxis during pregnancy can prevent or
effectively treat malaria and reduce the incidence of low birthweight and anemia
during pregnancy. Figure 4-2 presents the estimates of the effect of prophylaxis
on birthweight in first births from six randomized trials in Africa (Burkina Faso
—Cot et al., 1992; Uganda—Hamilton et al., 1972; The Gambia—Greenwood et
al., 1989; Imesi, Nigeria—Morley et al., 1964; Ibadan, Nigeria—Gilles et al.,
1969; and Zaria, Nigeria—Fleming et al., 1986). The studies differ substantially
in sample size, so the width of the bars in the figure is roughly proportional to the
inverse of the variance of the estimate of effect. The two largest studies
(Hamilton et al., 1972; Cot et al., 1992) found difference in birthweights among
first births of about 80 grams
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associated with prophylaxis, although this difference was not significant in either
study.5 In the third largest trial (Greenwood et al., 1989), the estimated effect on
first births was much greater and was significant at the 5 percent level. The
overall average effect of prophylaxis in all of the studies was about 100 grams.6

The similarity of the results is impressive, given the differences in study designs,
treatment regimens, ecological settings, and levels of treatment provided to the
control group. For example, the proportion of pediatric deaths in Togo ascribed to
malaria or anemia increased steadily between 1986 and 1989 (Centers for Disease
Control, 1991) and the number of cases of malaria reported in Burundi almost
tripled between 1987 and 1992 (Republique du Burundi, 1993). In addition,
case-fatality rates of malaria have increased in Zaire and the Central African
Republic (Centers for Disease Control, 1991).

FIGURE 4-2 Effect of malaria prophylaxis on birthweight, first births in six
randomized trials in Africa. NOTE: Width of bars proportional to the inverse of
the variance of estimate. Sources: Morley et al. (1964); Gilles et al. (1969);
Hamilton et al. (1972); Fleming et al. (1986); Greenwood et al. (1989); Cot et
al. (1992).

5 For the study by Hamilton et al. (1972) the comparison is between women who
received chloroquine and iron, and women who received only iron.

6 Some of the studies have many more women in one group or the other (test or
control). Therefore, we have averaged the estimates of the effect of prophylaxis, weighting
each study by the geometric mean of the number of women in the two groups.
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Four of the studies (Cot et al., 1992; Hamilton et al., 1972; Greenwood et
al., 1989; Morley et al., 1964) give estimates for the effects in later pregnancies.
These estimates are more difficult to compare because the studies grouped the
parities differently and the largest study (Cot et al., 1992) did not provide a
separate estimate for higher parity women.7 It appears that prophylaxis has little
or no effect on births of order 2 through 4, but may be beneficial among higher
parity women.

Several of these studies also examined the effect of chemoprophylaxis on the
incidence of anemia during pregnancy. Greenwood et al. (1989) found that
prophylaxis affected hemoglobin levels only in the primigravidae. Gilles et al.
(1969) and Fleming et al. (1986) also demonstrated this effect in primigravidae.

Proposition 3: Low birthweight is associated with increased risk of infant
death. The literature on this topic is reviewed in Chapter 5.

Although the research supports each of these propositions, only two studies
have been uncovered that present data on the effect of chemoprophylaxis on child
survival. Greenwood et al. (1989) show that the stillbirth and neonatal mortality
rates were lower among first pregnancies for women who received Maloprim than
for women who received a placebo. However, the rates were not significantly
different. When neonatal mortality and stillbirths are combined, first pregnancies
led to a bad outcome 8.1 percent of the time for those on prophylaxis and 15.4
percent of the time for those on placebo (relative risk of 0.53 times; 95 percent
C.I. 0.20-1.37 times). Among later pregnancies there was virtually no difference
associated with prophylaxis (4.4 percent compared to 6.0 percent for the control
group). Morley et al. (1964) found no difference in the combined stillbirth and
neonatal mortality rate associated with prophylaxis for women of all parities.

There are several ways the logic that links these three propositions could
prove misleading. First, if the effect of chemoprophylaxis on birthweight is very
small, it might not lead to any noticeable difference in child survival. Second,
most of the studies present data on mean birthweights. However, the proportion
with low birthweight is probably a better measure of the potential effect on child
survival. Cot et al. (1992) reported that the relative risk of low birthweight among
primigravidae was 0.88 for those on prophylaxis, compared to the controls,
although this difference was not significant. Greenwood et al. (1989) reported
that prophylaxis was associated

7 Cot et al. (1992) showed that for women of all parities, the group that received
prophylaxis had a mean birthweight only 5.6 grams higher than the control group. Since
the difference for primigravidae was 82 grams, the multiparous in the prophylaxis group
must have had a mean birthweight about 20 grams lower than the control group.
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with a drop in the proportion with low birthweight among primigravidae from 22
to 5 percent (probability less than .05).

Third, some studies show that the rate of malaria parasitemia may decrease
during the last trimester even without treatment (McGregor, 1984). If the growth
retardation associated with malaria occurs at a different stage of pregnancy than
retardation caused by other factors, the relationship between low birthweight and
child survival may differ as well. Similarly, it is not clear whether malarial
infections lead to short gestation or to growth retardation (i.e., low weight for
gestational age).

Fourth, the use of chemoprophylaxis in pregnant women is complicated by
the increasing prevalence of chloroquine resistance. Chloroquine is inexpensive,
relatively safe, and well-tolerated, and the general policy on chemoprophylaxis
during pregnancy relies heavily on these features of the drug. Although
chloroquine may be more effective in adults who have partial immunity than in
children, several studies have indicated high failure rates (i.e., breakthrough with a
clinical attack of malaria during pregnancy) of chloroquine prophylaxis among
pregnant women (McDermott et al., 1988; Mutabingwa et al., 1991). The
alternatives to chloroquine for chemotherapy are quite limited. The Institute of
Medicine (Oakes et al., 1991:67) concluded that ''the safety and efficacy of
alternative prophylactic regimens in pregnancy is an open question."

A study in Tanzania suggested that chloroquine is still a useful drug for
pregnant women in areas where chloroquine resistance is common. However,
chemoprophylaxis with a weekly dose of chloroquine was more apt to lead to
failure than daily doses of proguanil (Mutabingwa et al., 1991).

McDermott et al. (1988) studied the efficacy of chloroquine in Malawi,
which ad had documented chloroquine resistance for several years. They found
that chloroquine was successful in clearing malaria parasitemia in 9 of 19
pregnant women and may have reduced placental infection rates.8 However, 25
percent of women (18 of 73) experienced breakthrough parasitemia during
pregnancy while they were taking either chloroquine or amodiaquin, with no
significant difference between the two drugs.

Finally, programs designed to deliver prophylaxis to pregnant women would
have to address the issue of coverage rates and compliance. For example, a study
in Saradidi, Kenya, showed that only 29 percent of pregnant women attending
maternal and child clinics were taking chemoprophylaxis, despite a program that
used village health helpers to encourage its use. Only 25 percent of pregnant
women aged 15-29 were taking chemoprophylaxis

8 Breakthrough occurred in 2 of 36 women using chemoprophylaxis and in 7 of 36
controls (probability less than .10). The controls for this part of the study were women who
had attended antenatal clinics and had access to unsupervised chloroquine
chemoprophylaxis.
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(Spencer et al., 1987). The World Health Organization Scientific Group on the
Chemotherapy of Malaria (1990:80) has noted that in "well supervised studies …
compliance [in children or adults] rarely exceeds 90% and generally ranges from
30% to 60%."

Heymann et al. (1990) addressed the issues of chloroquine efficacy and
compliance in a study in Malawi. The program provided women at a prenatal
clinic with a one-month supply of chloroquine. They estimated that chloroquine
reduced the incidence of Plasmodium falciparum infection by only 23 percent
among the 36 percent of pregnant women who complied. Therefore, the program
prevented only about 8 percent of cases of infection among pregnant women.

It may be difficult to design studies that measure the effect of
chemoprophylaxis on child survival. Because it has been determined that
chemoprophylaxis increases birthweight, it may not be possible to withhold it for
research purposes. Therefore, it might be necessary to rely on naturally occurring
control areas or on evidence of changes in the level or seasonal pattern of infant
mortality associated with increased prophylaxis. On the other hand, studies that
directly address the question of child survival would have to overcome the
problems of recording birthweights and gestational ages, both of which are very
difficult to collect in Africa.

PROGRAMS BASED ON VECTOR CONTROL

Before the harmful effects of DDT and other residual insecticides were fully
appreciated, considerable progress was achieved in the reduction of malaria
mortality and morbidity through spraying. In some areas, mostly in cities and
towns, these programs continue and are still effective in controlling the
population of mosquitoes and malaria. More recently, greater stress has been laid
on the use of personal protection against mosquito bites, including wearing long
clothes, using mosquito coils, using ointments containing insecticide, and
sleeping in mosquito nets (Rozendaal, 1989). None of these protective measures
are part of a national strategy to control malaria, but more recently, the
introduction of bed nets and curtains dipped in insecticide (permethrin is the
most common) has been adopted as a community-based intervention against
malaria in both adults and children. The experimental work on which these
strategies are based took place in 1988-1990 in central Gambia, where Alonso
and Greenwood showed that mortality in the test villages among children ages
1-4 was 37 percent below the rate in the control villages (Alonso et al., 1991).
The trial also demonstrated that much of the decrease in mortality was due to the
reduction of deaths identifiable as due to malaria by the verbal autopsy process
(see Alonso et al., 1991; Greenwood and Pickering, 1993, for details).

The large reductions in malaria morbidity and mortality reported from
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the Gambian trial are unlikely to be repeated in national programs for various
reasons associated with the capricious nature of the disease in relation to climatic
and other ecological conditions, and to the difference between the effects
anticipated in an experiment compared with those expected from a national
program. Nonetheless, the use of treated bed nets seems worthy of further studies
in other environments. One feature of the trial of impregnated bed nets is the
larger than expected reduction in overall mortality. There are enormous problems
in identifying a death due to malaria, but those aside, there seems to be some
evidence in the changing cause-of-death distributions that other causes of death
have also declined as a result of the reduction of malaria morbidity and mortality
(see Alonso et al., 1991; Greenwood and Pickering, 1993, for a fuller
discussion).

Several large trials of the effects of treated bed nets on malaria, childhood
mortality and morbidity, and the birthweights of firstborn are in progress under
the supervision of the World Health Organization (WHO). Apart from the
problem of introducing bed nets into areas where they are uncommon, the
principal obstacle to further use of the treated bed nets is the high recurring cost
of the insecticide. Nonetheless, the evidence from the first year of the Gambian
national intervention is very encouraging. There are measurable effects on the
mosquito population, on the incidence of malaria illness, on childhood mortality,
and on the birthweights of firstborn children (Cham and D'Alessandro, personal
communication, 1992). Results from other national studies will soon be
forthcoming.

SUMMARY

Malaria is a major cause of death and morbidity in Africa. There is
substantial variation in the importance of malaria among various regions of sub-
Saharan Africa, but in many populations it is the third or fourth most common
cause of death. Studies in several areas have demonstrated that infant and child
mortality could be reduced substantially if malaria were eliminated or greatly
reduced. However, the design of antimalarial programs is complicated by the
diversity of ecologies, the spread of chloroquine-resistant strains, and the high
costs and managerial complexity of many of the available technologies.

Given the careful examination of strategies for malaria control by the World
Health Organization (1984, 1990), the Institute of Medicine (Oakes et al., 1991),
and the American Association for the Advancement of Science (1991), this
report has not attempted a complete review of the evidence of the effectiveness of
all approaches to reducing mortality to malaria. Rather, it has focused principally
on three topics: use of village health workers to increase presumptive treatment
of fevers, home-based presumptive treatment of fevers, and chemoprophylaxis
during pregnancy.
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Neither of the two major studies of the use of village health workers to
increase presumptive treatment documented a reduction in child mortality. In both
cases the programs failed to achieve an adequate increase in the proportion of
cases treated. Therefore, we cannot conclude that an increase in presumptive
treatment would not reduce child mortality.

These studies raise serious questions about the use of village health workers
to increase presumptive treatment of fevers. We have not attempted a complete
review of studies of coverage rates and compliance in programs of this sort.
However, given the existing high rates of home-based use in many areas, the
problems of managing and supplying large numbers of village health workers, the
increasing prevalence of chloroquine resistance, and the lack of evidence of
mortality reduction, it is not certain that programs based on village health
workers can reduce child mortality by encouraging presumptive treatment.

It is still important for health clinics to provide presumptive treatment of
fevers in areas and seasons during which malaria is a major cause of illness. The
Institute of Medicine (IOM) identified this task as its first priority for malaria
control (Oakes et al., 1991:16). In some areas where village health workers
provide other services, adding presumptive treatment to their portfolios may be
useful. The choice of appropriate drugs and treatment strategies must be worked
out in each area, based on the prevalence of chloroquine resistance, the
availability and affordability of alternatives, and the likelihood that patients will
return to health clinics for further treatment if chloroquine fails.

It is well known that home-based treatment of fevers with chloroquine is
very common in sub-Saharan Africa. However, there has been little research on
self-treatment. Given the high frequency of this practice documented in numerous
areas, there is a need for more studies of the drugs and dosages used, the
promptness of self-treatment, and the ability of mothers to determine when it is
important to take their children to a health center.

The paucity of data on self-treatment and the frequent emphasis on
prevention rather than treatment have led most researchers to understate the
potential importance of health education programs designed to encourage,
discourage, or improve self-treatment. Efforts to increase the proper treatment of
presumed cases of fever usually have been limited to treatment at health centers
or by village health workers.

If self-treatment is found to be common and reasonably effective, then health
education programs might focus on improving methods of recognizing symptoms
of fevers, increasing knowledge of symptoms that require prompt modern
treatment, and increasing awareness of the need for prompt treatment with
appropriate dosages. If self-treatment is found to involve improper doses, to be
used in inappropriate cases, or to delay or prevent seeking modern medical care in
severe cases, then health education might

OTHER INTERVENTIONS TARGETED AT SINGLE DISEASES 102

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

 to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

,
an

d 
so

m
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Effects of Health Programs on Child Mortality in Sub-Saharan Africa 
http://www.nap.edu/catalog/2208.html

http://www.nap.edu/catalog/2208.html


discourage self-treatment and encourage prompt treatment at modern medical
facilities. In either case, self-treatment is so prevalent that it cannot be ignored
either as a potential opportunity to improve prompt presumptive treatment or as a
hindrance to coverage of superior sources of treatment. In many populations,
education programs designed to improve home-based presumptive treatment may
be more cost-effective than programs based on village health workers. The
potential effectiveness of self-treatment will also depend on the efficacy of
chloroquine and the costs and perceived safety of alternative drugs that might be
used for self-treatment.

Research on the effect of malaria control activities must involve monitoring
of self-treatment and treatment at dispensaries. It is not adequate to consider an
area as a pure "control" without consideration of existing treatment practices. For
example, the Saradidi project in Kenya found that the main effect of the use of
village health workers for treating presumptive cases of malaria was a change in
the source of chloroquine. Similarly, the use of village health workers in The
Gambia led to 57 percent less use of drugs from the dispensaries in the program
area compared to the control, and only a 24 percent higher overall rate of
treatment. Few of the large-scale studies of methods for preventing or treating
malaria provide sufficient information about the baseline or control levels of
prophylaxis or treatment.

The World Health Organization Scientific Group on the Chemotherapy of
Malaria (1990) recommends chemoprophylaxis for pregnant women. However,
the IOM committee and WHO Scientific Group on the Chemotherapy of Malaria
both concluded that there is little evidence that prevention or reduction of malaria
in pregnant women improves the prognosis for infants (World Health
Organization Scientific Group on the Chemotherapy of Malaria 1990:85; Oakes
et al., 1991:64-54, 234). There is strong evidence that chemoprophylaxis can
increase mean birthweights among first births, but it is not clear to what extent
this increase translates into higher child survival rates. No studies have examined
the effect of chemoprophylaxis during pregnancy on the infant mortality rate, and
there is little information about the effect on perinatal or neonatal mortality. In
addition, there is little evidence from large-scale health programs. In these
programs the effect of chemoprophylaxis is probably quite small, given that
compliance is often low, not all women seek prenatal care early in their
pregnancy, and the efficacy of chloroquine (the most commonly used drug) is
declining in many areas.
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ACUTE RESPIRATORY INFECTIONS

Acute respiratory infections (ARIs) are a group of upper and lower
respiratory tract illnesses caused by bacterial, viral, or fungal infections. Of these
infections, acute lower respiratory infections (ALRI), predominantly pneumonia,
are the most serious and are major causes of mortality in developing countries
among children under 5 years of age.

Studies in a number of developing countries, including The Gambia, Zaire,
Nigeria, and Kenya, have indicated that serious and potentially fatal cases of
pneumonia are predominantly due to two bacterial organisms Streptococcus
pneumoniae and Hemophilus influenzae. This recognition and the success in
individual cases of treatment with antibiotics have led to the predominance of a
case management strategy for ARI control. This strategy is based on an algorithm
that uses primarily respiratory rate and recognition of chest indrawing as a basis
for diagnosis of pneumonia in children with cough, and on the appropriate
treatment of such an illness with antibiotics (Programme for Control of Acute
Respiratory Infections, 1990).

EPIDEMIOLOGY

The magnitude of the problem of acute respiratory infections in sub-Saharan
Africa was reviewed recently by Kirkwood (1991), who summarized 42 studies
from 21 countries (approximately half of the countries in this subregion).
Whereas a number of studies reported on the high rates of all respiratory
infections, few studies provided information on acute lower respiratory infections
or pneumonia. A study in Kenya using both home and clinic surveillance found
an incidence rate for ALRIs of 21 per 100 child-years (Selwyn, 1990). This rate
is consistent with those found in other developing country settings, where the
peak incidences appear to occur in the youngest children (Kirkwood, 1991).

In developing countries, pneumonia is thought to be one of the two most
common causes of death in childhood. As summarized by Kirkwood (1991),
studies that used an appropriate methodology to determine the cause-of-death
structure among children under age 5 found that approximately 7.5 percent of
these were due to pneumonia. Angola and Guinea-Bissau had age-specific
mortality information available (Kirkwood, 1991). In these countries, the
proportionate mortality from pneumonia was highest in children 1-4 years of age
(15.2 percent in Angola and 8.9 percent in Guinea-Bissau). However, a larger
number of deaths due to ARI occurred among infants because the infant mortality
rates were substantially higher than the rates of children aged 1-4 years. The
estimated mortality rates due to ARI globally are 10 to 30 deaths per 1,000 live
births in infancy and 1.6 to 4.0 deaths per 1,000 children 1-4 years old (Foster,
1985).
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There are a number of host and environmental risk factors for pneumonia in
children. These include low birthweight, protein-energy malnutrition, lack of
breastfeeding in young children, and possibly vitamin A deficiency. They also
include exposure to air pollution, especially that caused by biomass fuel
combustion in households. All of these factors would appear to be present in
much of the sub-Saharan African population. Although it is not known to be a
risk factor for pneumonia per se, malaria may complicate the diagnosis of
pneumonia and the management of sick children.

A review of the sub-Saharan African DHS indicates that the incidence of
ARI symptoms is greater among children living in rural areas than among those
children living in urban areas. Little difference was observed in the incidence of
ARI based on the mother's educational status.

INTERVENTIONS

A number of intervention trials have been initiated to test the effectiveness
and feasibility of reducing pneumonia mortality through population-based case-
management programs, which previously had not been attempted on a large
scale. To date, results from seven intervention studies from around the world
have been published and provide evidence for mortality reduction (Mtango and
Neuvians, 1986; Datta et al., 1987; Pandey et al., 1989, 1991; Bang et al., 1990;
Khan et al., 1990; Fauveau et al., 1992). A recent meta-analysis of the published
case-management intervention trials provides a conservative estimate of an
overall reduction of infant mortality by 15.9 deaths per 1,000 births and a
cumulative under-5 mortality rate reduction of 36 deaths per 1,000 children
(Sazawal and Black, 1992). These estimates would be consistent with a 20
percent reduction in infant mortality and a 25 percent reduction in all under-5
mortality for the studies analyzed.

The only one of these intervention trials in sub-Saharan Africa was in the
Bagamoyo District of Tanzania (Mtango and Neuvians, 1986). In this study,
episodes of pneumonia were sought by household visiting every six to eight
weeks. In addition, women were taught about the need for seeking care if the
child had certain signs and symptoms. All detected cases of pneumonia were
treated with oral co-trimoxazole, and severe cases were referred to higher-level
care. The difference in the mortality rate under age 5, 5m0, was 7.7 deaths per
1,000 children (32.5 deaths per 1,000 children in the intervention area compared
to 40.1 in the control area; 95 percent C.I. for difference was 2.0-13.5 deaths per
1,000 children). Thus, the probability of dying by age 5, 5q0, was lower by 38.5
per 1,000 births, consistent with the meta-analysis of the other studies. The
pneumonia-specific mortality rates declined by 30 percent over the two-year
intervention period.
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National efforts to implement the ARI case-management strategy have
begun only in the last several years. As an indicator of performance, these
programs use the proportion of pneumonia episodes needing antibiotics that
actually receive them. In surveys, this indicator may be approximated by the
proportion of recent cases of cough with rapid or difficult breathing that received
antibiotics. Data from a few surveys conducted in sub-Saharan Africa are
available on the current status of programs.

The data suggest a fairly consistent level of respiratory difficulties. In the
Zimbabwe DHS, 7.6 percent of children 1-59 months of age had an episode of
cough with rapid or difficult breathing in the four weeks preceding the survey
(Boerma et al., 1991). In the Nigeria DHS, 6.7 percent reported to have had these
symptoms sometime during the previous two weeks (Nigerian Federal Office of
Statistics and Institute for Resource Development, 1992). In Mali and Togo, a
question was asked about breathing problems of the children in the preceding two
weeks (Boerma et al., 1991). The percentages of children with such a problem
were 6.5 and 9.3, respectively.

In spite of these high levels, only a relatively small proportion receive
medical attention in many countries. Of the children with respiratory difficulties
in Mali, only 5.9 percent were taken to a medical facility, whereas in Togo, 33.2
percent were. On the other hand, in Kenya, 65 percent of children with respiratory
complaints were taken to a medical facility. The proportion of children in these
three countries treated appropriately with antibiotics could not be determined
reliably from these surveys.

In Nigeria, mothers reported that 35 percent of these children with cough and
rapid breathing were taken to a health facility or provider, 23 percent were given
an antibiotic pill or syrup, and 23 percent received an unidentified injection
(Nigerian Federal Office of Statistics and Institute for Resource Development,
1992). However, certain groups, such as children in rural areas and in families
with lower levels of maternal education, were less likely to be taken to a medical
facility. Thus, it is likely that the reduction in mortality will be proportionately
lower in these groups than in other groups.

Even without an intensive ARI control program, existing medical services
may be having some effect on reducing mortality from pneumonia in children.
Because the proportion of cases of ARI receiving medical attention varies so
widely among sub-Saharan African countries (6 to 65 percent of such episodes in
the four countries mentioned above), it is impossible to estimate the mortality
effect of such care-seeking. It is also likely that the diagnosis and treatment of
pneumonia by health providers is suboptimal because of limitations in the
availability of trained personnel and antibiotics. Given the successful
demonstration of the ARI case-management strategy, which emphasizes early
detection of pneumonia cases and appropriate
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antibiotic treatment, it is likely that such programs could have a much greater
effect on child mortality than they do now. However, most sub-Saharan African
countries have not yet developed ARI control programs, and those countries with
programs have just begun their implementation.

SUMMARY

Acute respiratory infections, especially pneumonia, are among the leading
causes of death of children in sub-Saharan Africa. The incidence rate in Africa is
about 21 per 100 child-years, with the highest incidence observed among the
youngest children in households. Most cases of ARI are attributable to two
bacteria and the recommended case management is based on antibiotic therapy.
Many countries have begun national strategies for combating ARI in recent
years. However, there have been few large-scale studies of this approach. A
meta-analysis of case-management intervention trials estimated a reduction of
infant mortality rate of 15.9 per 1,000 and an under-5 mortality rate reduction of
36 per 1,000. The proportion of children displaying symptoms of ARI who
receive medical attention varies by country (from 6 to 65 percent in four DHS in
sub-Saharan Africa), and we have little information on current levels of treatment
with antibiotics even among those treated at a health clinic. However, given what
is known about current levels of antibiotic treatment for ARI, health programs in
sub-Saharan Africa probably are not having much effect on overall mortality
rates.
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5

Nutrition and Nutrition Programs

INTRODUCTION

The synergistic interactions between nutritional status and infectious
diseases are an important part of the ecology of disease in Africa. These
interactions complicate the evaluation of the effects of health programs because
individual disease episodes cannot be treated as independent events. Preventing
or treating a disease episode might reduce its nutritional effect, which in turn
could reduce the severity of the next disease episode. Because the later episode
might involve a different disease than the earlier one, a program to prevent or
treat one disease could have implications for mortality due to other diseases.
Therefore, health programs might be able to reduce mortality by employing two
complementary approaches: preventing or treating infections, and preventing or
treating malnutrition.

The term malnutrition often implies one particular nutritional deficiency:
protein-energy malnutrition, PEM, which results from inadequate consumption of
calories or protein. However, deficiencies of numerous vitamins and other
nutrients can be equally serious. It is often difficult to determine which is the
major cause of malnutrition: inadequate consumption of specific nutrients (e.g.,
protein, vitamin A, or iron) or consumption of inadequate quantities of food
(usually measured in calories).

This section examines programs designed to reduce the prevalence of
protein-energy malnutrition, low birthweight, and vitamin A deficiency. Although
other nutritional deficiencies might be equally important, these are the problems
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most frequently addressed by current program options. We have limited this
review to studies that examine whether these interventions reduce mortality in
children.

PROTEIN-ENERGY MALNUTRITION (PEM)

PEM can result from inadequate or inappropriate intake of energy, protein,
or one or more essential amino acids. It also may be due to temporarily decreased
dietary intake resulting from anorexia or malabsorption of nutrients. Many
infectious diseases, especially diarrhea, threaten a child's nutritional status by
decreasing appetite or reducing the ability to absorb nutrients. In addition, the
immunological responses to infection increase nutritional requirements.

Severe PEM can impair a child's response to infectious assaults. For an
infection to occur, a pathogen has to overcome the host's immune system.
Malnutrition can weaken these defense mechanisms. For example, children with
severe clinical malnutrition (kwashiorkor, characterized by lethargy, edema, and
dermatitis; and marasmus, characterized by severe wasting associated with
depletion of fat and muscle reserves) are more susceptible to gastrointestinal
infections because of a reduction in gastric acid (Gracey et al., 1977). PEM also
can slow the speed with which an immunological response occurs and can reduce
the rate of epithelial replication and tissue repair. Therefore, malnourished
children may have longer, more severe cases of what might otherwise be simple
childhood infections. In addition, deficiencies in tissue repair may be especially
problematic with mucosal surfaces, as in the nasal tract and the intestine. This
phenomenon can increase the child's risk of new infections.

Mild to moderate. PEM is marked by growth retardation and reduced motor
activity. However, most research on PEM now relies on standardized ratios
among weight, height, and age. The most commonly used anthropometric indices
are height-for-age (Ht/Age), weight-for-height (Wt/Ht), and weight-for-age (Wt/
Age). In addition, indices such as upper arm circumference-for-age and -for-
height are used to assess nutritional status. There are several ways of comparing
these ratios to international standards. The Gomez classification (Gomez et al.,
1956) compares a child's weight to a standard schedule of expected weight for a
given age. The Waterlow (1972) classification differentiates between stunting
(low Ht/Age) and wasting (low Wt/Ht). Stunting results from long-term
nutritional insult. Wasting, on the other hand, is a measure of acute
undernutrition. Low Wt/Age can result from either stunting or wasting. A child
who is two standard deviations (s.d.) below the reference population median for
any of the three indexes is classified as undernourished (Hamill et al., 1977;
Administrative Committee on Coordination—Subcommittee on Nutrition, United
Nations, 1987).
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Most early anthropometric studies used the Harvard reference population for
comparison (as given in Jelliffe, 1966). More recent studies use the National
Center for Health Statistics (NCHS) reference population for comparison (Hamill
et al., 1977).

National surveys of nutritional status in sub-Saharan Africa show wide
variation in the prevalence of malnutrition, based on the three commonly used
indices. Figure 5-1 presents estimates of the proportions with low Wt/Age from
the Demographic and Health Surveys (DHS) in eight African countries.
Malnutrition tends to be lower during the first year of life, when breastfeeding is
more common, than in later years. In fact, in most studies in Africa, children less
than 3 months of age are on average heavier than the standard. This finding
probably results from excessive mortality rates among low-birthweight infants.
From 6 to 23 months of age, malnutrition becomes more common as children
experience repeated bouts of diarrhea and other childhood diseases.

Figures 5-2 and 5-3 present age patterns of stunting and wasting. The
prevalence of wasting (acute malnutrition) peaks during the second year of

FIGURE 5-1 Prevalence of children malnourished (low weight-for-age) by age
of child, sub-Saharan African countries. NOTE: Intervals during first year of life
vary by country: Burundi, Ghana, Mali, and Zimbabwe: 3-11 months; Togo and
Uganda: 0-11 months; Senegal: 6-11 months; Nigeria: 0-5 and 6-11 months.
Intervals after first year of life are: 12-23 months (shown as 18 months), 24-35
months (shown as 30 months), 36-47 months (shown as 42 months), and 48-60
months (shown as 54 months). SOURCE: Demographic and Health Survey
reports (see Appendix B).
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life, with national levels for this age group ranging from about 2 to 16 percent.
The accumulation of these deficits in growth leads to high levels of stunting
among children over age 18 months. The proportions stunted at ages 24-35
months (shown as 30 months on the figure) varies from 28 percent in Senegal to
60 percent in Burundi.

FIGURE 5-2 Prevalence of stunting (low height-for-age) by age of child, sub-
Saharan African countries. NOTE: Intervals during first year of life vary by
country: Burundi, Ghana, Mali, and Zimbabwe: 3-11 months; Togo and
Uganda: 0-11 months; Senegal: 6-11 months; Nigeria: 0-5 and 6-11 months.
Intervals after first year of life are: 12-23 months (shown as 18 months), 24-35
months (shown as 30 months), 36-47 months (shown as 42 months), and 48-60
months (shown as 54 months). SOURCE: Demographic and Health Survey
reports (see Appendix B).

National estimates of the prevalence of malnutrition hide large variations in
the prevalence among regions or among social, cultural, and economic groups.
Figure 5-4 shows regional estimates of the prevalence of stunting at ages 6-35
months from the DHS in West Africa. Estimates for Togo range from 27 percent
stunted in the southern Maritime Region to 48 percent in the northern Savanes
Region. Ghana and Nigeria show a similar pattern of higher levels of stunting in
the north. In western Mali, the proportion stunted is very similar to neighboring
Senegal. The eastern and northern parts of Mali have higher levels of stunting.
These regional patterns reflect ecological zones that transcend national
boundaries.

The prevalence of malnutrition can vary substantially over quite short
distances and among social and ethnic groups. For example, a survey in
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northeastern Timbuktu Region of Mali in 1985 after two consecutive crop
failures found that 43 percent of nomadic children under age 5 were stunted,
compared to only 20 percent of children in sedentary families (Carnell and
Guyon, 1990). A study by Mbithi and Wisner (quoted in Kenya Bureau of
Statistics, 1979) examined variations in the prevalence of malnutrition among
children living on the eastern side of Mt. Kenya. In areas with the best
agricultural land at higher altitudes, only 10 percent of children under age 3 years
were less than 70 percent of the standard Wt/Age. At lower altitudes, 38 percent
of children living in an area with poorer quality agricultural land were below 70
percent of the standard.

FIGURE 5-3 Prevalence of wasting (low weight-for-height) by age of child,
sub-Saharan African countries. NOTE: Intervals during first year of life vary by
country: Burundi, Ghana, Mali, and Zimbabwe: 3-11 months; Togo and
Uganda: 0-11 months; Senegal: 6-11 months; Nigeria: 0-5 and 6-11 months.
Intervals after first year of life are: 12-23 months (shown as 18 months), 24-35
months (shown as 30 months), 36-47 months (shown as 42 months), and 48-60
months (shown as 54 months). SOURCE: Demographic and Health Survey
reports (see Appendix B).

Causes of Malnutrition

Malnutrition may arise from a number of conditions, such as lack of food,
cessation of breastfeeding, and infection. These factors are often interrelated,
making it difficult to determine exactly how a child becomes malnourished.

Food production has not kept pace with population growth in sub-Saharan
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Africa. To achieve the needed level of food security, food production in sub-
Saharan Africa must grow at about 4 percent per year, but has grown only 2
percent per year since the 1950s (World Bank, 1989). Drought conditions, lack of
infrastructure, and political instability further exacerbate the situation. It is
estimated that about 25 percent of the population of sub-Saharan Africa
consumes less than 80 percent of the caloric intake recommended by the Food
and Agricultural Organization and the World Health Organization (WHO) (World
Bank, 1989). Because studies of caloric intake tend to be of limited value due to
the difficulty in determining the quantity and nutritional content of foods that are
eaten, they are not reviewed here.

FIGURE 5-4 Proportions of children stunted in regions of Senegal, Mali,
Ghana, Togo, and Nigeria. NOTE: Data for Senegal, Mali (Bamako shown in
parentheses), Ghana (Accra shown in parentheses), Togo, and Ondo State,
Nigeria (in parentheses) are age standardized, with 42 percent aged 6-17 months
and 58 percent aged 18-36 months. The other data for Nigeria are ages 1-59
months. SOURCE: Demographic and Health Survey reports (see Appendix B).

Among infants, poor breastfeeding patterns may lead to malnutrition.
Breastfeeding is very prevalent for long periods in sub-Saharan Africa. Table 5-1
presents data from the DHS in sub-Saharan Africa on mean duration of
breastfeeding and the proportion still breastfeeding during the first two
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months of life and beyond the first year of life. Mean duration is among the
longest in the world, with a range of 17.0 to 23.8 months. Although duration is
long, it does not mean that all children are breastfed. The table shows that in all
the countries of sub-Saharan Africa included in the DHS (with the exception of
Senegal), more than 90 percent of the children are breastfed during the first two
months of life. After the first birthday, the proportion still breastfeeding ranged
from 61 to 91 percent. Despite the common practice of breastfeeding, it is not
uncommon for mothers to stop when their children become ill. Thus, the
cessation of breastfeeding may enhance the possibility that an already-sick child
will become malnourished, thereby increasing the probability of death.

TABLE 5-1 Breastfeeding Patterns in Sub-Saharan Africa

Country Mean Duration
(months)

Breastfed Child
During First Two
Months of Life (%)

Breastfed Child
Beyond First Year
(%)

Botswana 18.8 90.8 73.0
Burundi 23.8 97.0 91.3
Ghana 20.4 92.7 87.2
Kenya 19.4 96.0 81.7
Liberia 17.0 93.4 60.9
Malawi 21.6 90.4 81.5
Nigeria 20.1 96.9 88.4
Senegal 18.8 89.0 86.0
Togo 22.6 95.4 84.2
Uganda 18.6 90.9 84.7
Zimbabwe 19.3 95.0 87.6

SOURCE: Demographic and Health Survey reports (see Appendix B).

Infection is one of the common underlying causes of malnutrition. Measles,
for example, puts many children below the local standard for Wt/Age and Wt/Ht
in the Kasongo Project (1986). Rowland et al. (1977) found that gastroenteritis
contributed significantly to growth faltering among Gambian children ages 6 to
35 months, reducing height gain at a rate of 4.2 millimeters per month and
weight gain by 746 grams per month, compared to the growth that occurred
among unaffected children. Malaria, although much less prevalent than
gastroenteritis in the study, reduced weight gain by 1,072 grams per month.

Another study conducted in The Gambia by Rowland et al. (1988) examined
Wt/Age among children to assess the relationship between growth and morbidity
during the first two years of life. During their first six months, the children
exceeded the NCHS reference (see Hamill et al., 1977).
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However, during the second six months of life, they had an average deficit of 1.2
kilograms. Rowland et al. attributed the weight faltering principally to diarrhea
and acute lower respiratory infections (ALRIs). Diarrhea was responsible for
one-half of the deficit (14.4 grams per day among weaning infants) and ALRI for
one-fourth (14.7 grams per day of infection).

In a study of growth faltering among Sudanese children, diarrhea was an
initiating factor in about 50 percent of cases of faltering (Zumrawi et al., 1987).
Among children ages 3 to 6 months, one day of diarrhea reduced the average
weight gain of 18 grams to an average loss of 13 grams, a net loss of 31 grams
compared to the normal weight change. Colds and cough were associated with a
loss of 16 grams per day compared to the normal weight change.

These studies suggest that many common childhood infectious diseases can
contribute to growth faltering and malnutrition.

Studies of Malnutrition and Mortality in Other Regions

Several studies have demonstrated that malnourished children are at
increased risk of death. For example, Schroeder and Brown (personal
communication, 1992) reviewed anthropometric studies in India, Bangladesh, and
Papua New Guinea. They examined the relative risk of mortality of children
identified as malnourished during the 6- to 24-month period after diagnosis. They
concluded that midly or moderately malnourished children aged 6 to 60 months
had a risk of death 2.1 times that of well-nourished children. Severely
malnourished children had a risk of dying 6.5 times that of well-nourished
children.

The amount of excess risk associated with a given level of malnutrition
varies across ecological and social environments. After reviewing a number of
studies, Pelletier (1991) concluded that the response of mortality to malnutrition
is a function of the baseline level of mortality, with malnutrition having a
exacerbating effect on child mortality for any level and type of morbidity that
exists in a population.

Studies of the Relationship Among PEM, Morbidity, and
Mortality in Africa

The relationship between nutritional status and mortality might be different
in Africa than in Asia and Latin America. First, the attributable risk associated
with malnutrition (i.e., the extent to which mortality would decline if all children
had the mortality rates of well-nourished children) depends on both the
percentage malnourished and the degree of malnutrition. If the distribution of
children by nutritional status is different in Africa than elsewhere, the attributable
risk associated with malnutrition could be different
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as well. This variation could be true even if the risks associated with various
levels of malnutrition are the same in Africa as elsewhere.

Second, in some surveys, nutritional status may serve as a marker for social
class. If studies do not control adequately for other risk factors associated with
social class, such as education or residence, the estimates of the importance of
malnutrition might be exaggerated. It is possible that the link between nutritional
status and social class is less important in Africa than in Asia (Bairagi et al.,
1985). Third, malaria is a more significant factor in morbidity and mortality in
Africa than in most other regions. The interactions between malarial infection and
malnutrition are complex and have not been investigated adequately.

PEM and Morbidity

A few studies have examined the link between malnutrition and morbidity in
sub-Saharan Africa. A study of children in The Gambia (Tomkins et al., 1989)
who were between 6 and 35 months of age at the baseline survey found that short
and underweight children experienced an excess risk of illness from diarrhea or
fever. The differences persisted after controlling for social, economic, and
environmental conditions that might confound the association between the
anthropometric index and the excess risk of morbidity.

In the Malumfashi study in Nigeria, however, Tomkins and colleagues
(Tomkins, 1981; Tomkins et al., 1991) found that malnutrition had relatively little
impact on the incidence of diarrhea, but did increase its prevalence and
presumably the average duration of illness.

In the Sudan, El Samani et al. (1988) studied the association between
malnutrition and diarrheal disease by weighing and measuring a group of children
under age 5 every two months. They reported that children who had experienced
an episode of diarrhea in the preceding two months and who were less than 90
percent of the Wt/Age based on the NCHS standard were more likely to have a
subsequent diarrheal attack. Among those children who had not had an attack of
diarrhea in the preceding two months, the incidence of diarrhea in the subsequent
interval was higher among children with Ht/Age less than 95 percent of the
standard. After controlling for a number of potentially confounding factors, El
Samani et al. found that children with Wt/Age less than 75 percent of the standard
were twice as likely to have diarrhea in the subsequent interval, regardless of
whether they had had diarrhea in the preceding interval.

Biritwum et al. (1986) found that children in Ghana with Wt/Age less than
80 percent of the WHO standard had a mean of 2.6 episodes of diarrhea per year
compared to only 1.7 for other children. This difference was significant at the 95
percent level.
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Lang et al. (1986) examined the association between ALRI and nutritional
status in Burkina Faso. They found that children with a small arm circumference
had a higher incidence and a longer duration of ALRI.

The relationship between nutritional status and morbidity is complex and
not well documented in Africa. However, it does appear that malnutrition
probably increases the proportion of time a child suffers from diarrhea and may
also complicate acute respiratory infections (ARIs).

PEM and Mortality

Lindskog et al. (1988) examined survival rates during the year following an
anthropometric survey of children under age 5 in a rural area of Malawi. After
adjusting for age, there was a consistent, significant relationship between
mortality and nutritional status as measured by height-for-age, weight-for-height,
or weight-for-age. For example, as shown in Table 5-2, children who were
between 1 and 2 standard deviations below the standard Ht/Age had a relative risk
of death 1.46 times that of children with a higher Ht/Age. Those who were more
than four standard deviations below the standard had a relative risk of 3.3.

The Kasongo Project (1983) in Zaire observed that the risk of mortality was
1.8 times greater among children with Wt/Age indices less than 80 percent of the
Harvard standard median (see Jelliffe, 1966) than among other children. Those
less than 60 percent of the median were 3.3 times more likely to die than better-
nourished children. (They did not present confidence intervals or significance
tests for these differences.) These risk ratios were lower than the values the
authors reported based on the data for India provided by Kielmann and McCord
(1978).

TABLE 5-2 Effect on Relative Risk Estimates of Controlling for Age and Period on
the Relationship Between Height-for-Age and Child Mortality, Malawi, 1983-1985
Ht/Age Score (standard deviations
from median)

Raw Relative Risks Adjusted Relative Risks

Greater than -1 s.d. 1.00 1.00
-2 to -1 s.d. 0.88 1.46
-3 to -2 s.d. 0.76 1.71
-4 to -3 s.d. 1.15 2.79
Less than -4 s.d. 1.07 3.30

NOTE: Adjustments are made by introducing age (0-5, 6-11, 12-17, 18-23, 24-35, 36-39
months) and period into the log-linear regression analysis.
SOURCE: Lindskog et al. (1988).
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A study by Smedman et al. (1987) of children aged 6 to 59 months in
Guinea-Bissau examined survival during the 8 to 12 months following weighing
and measuring. They reported that Ht/Age was correlated with child survival
after controlling for the age of the child. However, Wt/Ht was not significantly
related to survival. They also noted that their findings showed less effect of
nutritional status than studies in Asia.

Briend et al. (1989) examined survival rates for children in rural Senegal
during the six months following semiannual weighings. They concluded that
survival is related to nutritional status, and the risk is most closely related to
muscle mass rather than to the standard nutritional indices.

These studies show that poor nutritional status is associated with higher
mortality, although the relationship appears to be weaker than that found in
similar studies in Asia. These studies do not prove that the relationship between
nutritional status and mortality is causal. Although poor nutritional status may
compromise the immune system, it is also possible that poor nutritional status and
elevated risk of death are jointly affected by some other unmeasured
characteristic of children such as child care practices, access to health care, or
differences in socioeconomic class or housing, or by some other aspect of
nutritional status such as vitamin A deficiency.

PEM and Measles Mortality

There is solid evidence that children with measles often develop malnutrition
(Kasongo Project Team, 1986; Reddy et al., 1986). However, Aaby et al.
(1984a-c, 1986) questioned whether malnutrition is associated with higher case-
fatality rates for measles.

Many studies (such as Kimati and Lyaruu, 1976) have examined the
relationship between nutritional status and case fatality due to measles in
hospitals. Generally, however, hospital-based studies cannot provide evidence of
the temporal relationship among malnutrition, the onset of measles, and
subsequent mortality. For example, many of the severe cases in hospitals are
among children who were sick for several days before coming to the hospital.
Among these cases, there might be an increased prevalence of low Wt/Age as a
result of several days of illness.

There have also been several studies based on long-term monitoring of
anthropometry, measles cases, and mortality. For example, a study in Bangladesh
(Koster et al., 1981) weighed and measured each child every two months.
Children who died of measles had weights and heights comparable to those of
controls matched for age, sex, and neighborhood. There was no evidence in the
study that preexisting malnutrition increased the risk of death from measles.

Aaby (1992) presented data from a measles epidemic in Bandim, Guinea-
Bissau,
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in 1979 that showed no difference in case fatality by Wt/Age before the case. The
case-fatality rate for children less than 80 percent of the standard Wt/Age was not
noticeably different from that of children with Wt/Age 80-99 percent of the
standard or more than 100 percent of the standard. There were still no differences
after controlling for age and whether the case was the only case in the household
(Smedman et al., 1987).

Aaby et al. (1984a) presented data on nutritional status for 44 cases of
measles in Quinhamel, Guinea-Bissau, in 1979-1982. The children who died had a
mean Wt/Age slightly less than those who survived (86.7 percent of the WHO
standard compared to 89.8). However, the difference again was not significant.
This approach is not a good way to test the relative risk of death associated with
undernutrition. Rather, the approach is more closely related to the issue of the
sensitivity of nutritional status for identifying those at risk.

The Machakos study (Muller et al., 1977) compared the upper-arm
circumferences (UAC) of those who died of measles with controls matched for
age, residence, and measles diagnostic score. The UAC for the deceased was
significantly lower than the values for the survivors (81.0 compared to 84.8;
probability less than or equal to .05). However, a later analysis demonstrated that
this difference disappeared if controls were selected from among the survivors of
the same epidemic. Because both nutritional status and case fatality differed
between epidemics, the relationship between UAC and case fatality was
apparently spurious (Leeuwenburg et al., 1984, as described by Aaby, 1988).

Lamb (1988) did not find a significant effect of nutritional status on either
the incidence or the severity of measles infections in an epidemic in The Gambia.
However, the sample size was quite small (54 cases), and it is not clear how many
children were weighed in the weeks preceding their case of measles.

The Kasongo Project Team (1983) showed that the distribution of measles
cases by nutritional status was not very different from that of all deaths.
Therefore, they did not present a separate analysis of measles deaths.

The relationship between nutritional status and the case-fatality rate for
measles remains uncertain in Africa. All of the studies are hindered by several
differences between Africa and Asia. First, the levels of malnutrition are
relatively low in many parts of Africa compared to Asia. Any effect of nutritional
status is apt to be most pronounced at the most severe levels of malnutrition.
Therefore, the relationship between nutritional status and case fatality may be
smaller in African than in Asia. Second, any analysis must control for the
difference in case fatality between primary and secondary cases of measles
because compound households, where a larger proportion of cases are likely to be
secondary, are very common in much of Africa.
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Finally, it is not clear what constitutes the most important aspect of
nutritional status in determining mortality risks. If vitamin A deficiency is the
most important mechanism, the standard anthropometric indices may show a
strong relationship to survival only if the occurrence of PEM is a good marker for
vitamin A deficiency. It is possible that the relationship between PEM and
vitamin A status is different in Africa than in other regions.

All of these factors suggest that it would require a large sample size to
determine the effect of nutritional status on measles case fatality in Africa. For
example, by using a case-fatality rate of 18 percent among well-nourished cases
(slightly less than the 20 percent among all cases in Bandim) and a relative risk
of 2 for the worst 10 percent of the population, a sample size of 540 would be
required to have a power of 80 percent. This number is twice the sample size
available for the largest analysis in Bandim. Controlling for differences between
single cases in a household and secondary cases, as well as for age, would
increase the required sample size.

Studies of the Effect of Nutrition Programs on Mortality in
Africa

The existence of excess mortality among malnourished children does not
prove that programs addressing nutritional status will reduce child mortality. If
the relationship between malnutrition and mortality is not causal (direct or
indirect), then merely changing nutritional status may not change mortality.

Interventions designed to improve nutritional status of mothers and children
are typically based on one or more of the following: supplementary feeding,
growth monitoring, breastfeeding, and weaning education.

Although a number of nutrition interventions have been implemented in
sub-Saharan Africa, few have been evaluated scientifically. One study, the Iringa
Nutrition Programme, was conducted in 168 villages of rural Tanzania between
1983 and 1988, and was evaluated between June and October 1988 (Chorlton,
1989). The Iringa Nutrition Programme was a community-development program
that included subprojects related to maternal and child health, water and
environmental sanitation, household food security, and income-generating
activities. Over the course of the study, the percentage of children aged 1 to 60
months that were underweight (i.e., less than 80 percent of the Harvard standard
for Wt/Age) decreased from about 48 to 37 percent. The percentage of children
seriously underweight (less than 60 percent of the standard Wt/Age) declined
from about 5 to less than 2 percent. A comparison of the percentage of children
seriously undernourished who lived in villages not included in the program
indicated a prevalence of 5.6 percent during August-October 1987, which was
close to the 6.3 percent prevalence in the study area when the study began.
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The mortality data from the Iringa Nutrition Programme include the number
and proportion of deaths due to specific causes. Over the course of the study,
deaths from respiratory infections and diarrhea were reported to have decreased,
measles deaths were fairly constant, and deaths from fever (presumably malaria)
increased. However, it is not possible to estimate death rates based on the data
provided, because the authors did not supply adequate information on exposure to
death. Were it possible to estimate age-specific rates from the data, the study
would be more helpful in determining the effect of nutritional status on mortality.

The team that evaluated the Iringa Nutrition Programme concluded that
these data provide a strong indication of the program's effect. However, the lack
of a control area made it difficult to reach such a conclusion. Moreover, the
evaluation did not classify children as stunted or wasted, nor did it provide data
by age.

Perhaps hundreds of small- and large-scale nutrition programs have been
undertaken in different parts of Africa. In a qualitative review of the factors
contributing to successful nutrition programs in the region, Kennedy (1991)
discussed seven key elements: community participation, program flexibility,
institutional structure, recovery of recurrent costs, multifaceted program
activities, well-trained and qualified staff, and the presence of infrastructure.
However, because most nutrition programs do not gather mortality data, it is not
possible to conclude much about the effect of these programs on survival.

Supplementary Feeding Programs

Beaton and Ghassemi (1982) reviewed the effect on supplementary feeding
programs on nutritional status and reported that such programs should improve
nutritional status of children, but often do not because of low coverage, low
levels of supplementation, food sharing, and food substitution.

Few programs collect data on the morbidity (other than relief of malnutrition
itself) and mortality consequences of food supplementation programs. Studies in
Guatemala, India, and Peru found a significant reduction in infant and/or child
mortality due to supplementary feeding alone (Ascoli et al., 1967; Scrimshaw et
al., 1968; Baertl et al., 1970; Kielmann and McCord, 1978). However, no
evidence of such effects of programs implemented in Africa was uncovered.

Growth Monitoring

Monitoring the growth of infants and children may increase the effect of
programs that provide nutrition rehabilitation or other services that can be
targeted to malnourished children. In Jamaica, a reduction in mortality
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was observed following increased access to primary health care in association
with growth monitoring and targeted provision of food (Alderman et al., 1978).
However, this program was tested in an area with mortality rates comparable to
the lowest rates in Africa—mortality at ages 1-48 months of 14.5 deaths per 1,000
before the start of the program.

In Malawi (Cole-King, 1975), there was a decline in the proportion
malnourished following the expansion of the national system of under-5 clinics.
The percentage of undernourished children (based on the Wt/Age index) dropped
from 37 in the first year to 29 percent in the second and third years. However, the
clinics offered a wide range of services in addition to growth monitoring, so it is
not possible to determine what part of the change in nutritional status might have
been caused by nutrition activities.

The potential effect of growth monitoring programs is limited by the
sensitivity and specificity of nutritional status as a screening tool for identifying
those with the highest risk of death. For example, the Kasongo Project Team
(1983) emphasized that the sensitivities of the various anthropometric measures
are very low. Their data suggest that if a program in Kasongo targeted children
below the tenth percentile in Wt/Age using a local standard and reduced their
mortality rate to the average for other children, mortality would drop by only
about 10 percent.

These calculations suggest that even if a program succeeded in eliminating
all the excess mortality associated with malnutrition, the effect on mortality
would be so small that it would be hard to measure. Although some other areas of
Africa have a higher prevalence of low Wt/Age than Kasongo, it would still be
difficult to measure the effects of the most successful programs.

Studies that have examined the effect of growth monitoring have found little
benefit. At a recent UNICEF meeting, it was suggested that growth monitoring
not be adopted as a global strategy, but that growth promotion should be.
Weighing or measuring all children is a difficult undertaking and the information
is often used inappropriately by individuals, households, or communities. Thus,
UNICEF has developed a three-step program for growth promotion strategies,
which includes activities such as nutrition education, surveillance, and paying
special attention to children identified as high risk in community-based nutrition
surveillance (United Nations Children's Fund, 1992).

Programs Designed to Change Breastfeeding and Weaning

Weaning education can modify behavior, but it must address the cultural
norms and social and economic conditions of the groups to which it is directed.
Several strategies have been shown to result in improved nutritional status in
sub-Saharan Africa. These include rehabilitation centers for
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malnourished children in Zaire (Brown and Brown, 1979); home-based training
of mothers in various aspects of food production and preparation, food hygiene,
and basic health care in Uganda Hoorveg and McDowell, 1979); and
community-based activities such as demonstrations and group lessons on low-
cost, homemade, weaning foods carried out by village-based volunteer monitors
in Burkina Faso (Zeitlin, 1981). These studies showed improvements in
nutritional status of children, but did not assess the effects on mortality. Weaning
education may also contribute to a reduction in mortality from other causes in
which malnutrition is a complicating factor.

The promotion of breastfeeding is another type of nutrition intervention that
is related to improved probability of child survival. Breastfeeding ensures that a
child receives adequate nutrition in early infancy. Moreover, it protects the child
from diarrhea, ARI, and other diseases (Feachem and Koblinsky, 1984; Huffman
et al., 1991).

Strategies for increasing the initiation and duration of exclusive
breastfeeding include training and education of health professionals (Potter et al.,
1987), changes in hospital practices that facilitate immediate initiation (Klaus and
Kennel, 1976), keeping mother and child in the same room (Mata, 1983), and
restriction of infant formula samples (Bergevin et al., 1983). Although a number
of studies have examined the effect of breastfeeding on nutritional status and
disease prevention, they generally do not measure its effect on mortality.

LOW BIRTHWEIGHT

Low birthweight (LBW), typically defined as weighing less than 2,500
grams at birth, has been reported to be the strongest predictor of infant mortality,
especially in the neonatal period (Susser et al., 1972). LBW appears to affect
mortality through direct and indirect mechanisms. Children with the condition are
more likely to have impaired cellular immunity, which may increase their risk of
early cases of diarrhea, respiratory infection, and other infections.

Studies of the Relationship Between Low Birthweight and
Mortality

The increased risk of mortality among LBW infants has been demonstrated
in a number of studies in other regions (Shapiro, 1968; Puffer and Serrano, 1973;
De Vaquera et al., 1983; Victora et al., 1988). There are few similar studies in
Africa.

Mbacké and van de Walle (1992) examined the role of birthweight on
survival using a cohort study of all births in maternity hospitals in the town of
Bobo-Dioulasso, Burkina Faso, between April 1981 and March 1984. They
reported neonatal, postneonatal, and second-year death rates by birthweight
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for 6,091 births who either survived to age 2 years or died before that age. More
than 13 percent of these children had birthweights less than 2,500 grams. The
infant mortality rate for these low-birthweight infants was 3.88 times (95 percent
confidence interval (C.I.) 3.32-4.54) the rate among births with weights greater
than 2,500 grams (250 and 64.4 per 1,000 live births).1 Extending the analysis
through the second year of life reduces the relative risk somewhat. The risk of
dying before age 2 years was 2.84 times (95 percent C.I. 2.48-3.24) as high for
low-birthweight children as for other children. (The probability of dying by age
2, 2q0, were 285 and 101 per 1,000 live births.)

Mbacké and van de Walle also tested whether the difference in postneonatal
and second-year mortality rates remained after controlling for socioeconomic
factors (father's income, mother's education, type of home, etc.) and other risk
factors (sex, twins, month of birth, birth order, housing density, number and
timing of prenatal visits, and use of measures against malaria). They found that
those children with weights greater than 3,000 grams still had a postneonatal
mortality rate significantly lower than low-birthweight children (odds ratio of
0.53; probability less that or equal to .001), and those weighing 2,500-2,599
grams still had a lower postneonatal mortality rate than low-birthweight children
(odds ratio of 0.84; not significant). After controlling for other factors, there was
no significant difference by birthweight in the second-year mortality rate.

Low birthweight is a relatively common condition. It is estimated that
approximately 17 percent of all births in developing countries are LBW (World
Health Organization, 1980). The condition varies a lot by region, with higher
prevalence observed in Asia and lower prevalence in Latin American and Africa
(World Health Organization, 1980a). The underlying cause of LBW is also
different when less and more developed countries are compared. Intrauterine
growth retardation is estimated to account for more than half of LBW infants in
developing countries, whereas preterm delivery is the major cause of LBW in
developed countries (Kramer, 1987).

The prevalence of LBW in many sub-Saharan African countries is unknown
because of unattended births and poor registration systems. In the Machakos
study in Kenya, 7.0 percent of the births were LBW (Muller and van Ginneken,
1991). In a study of the effect of malaria prophylaxis on birthweight in Burkina
Faso, the incidence of LBW was 16.4 percent for both the test and the control
groups (Cot et al., 1992). There are several studies of birthweight among births in
African hospitals. However, hospital births may not provide an unbiased sample
of all births. Although the

1 These estimates are based on the data presented by Mbacké and van de Walle
(1992:132).
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prevalence of LBW in sub-Saharan African exceeds that of developed countries,
it may be lower than that observed in Asia (Kramer, 1987).

Risk Factors for Low Birthweight

A number of factors, such as inadequate prenatal care, inadequate maternal
weight gain, physically demanding work, short birth intervals, and tobacco or
alcohol consumption have been associate with LBW. These conditions can be
modified through interventions prior to or during pregnancy. These types of
factors tend to be correlated with LBW, but may not cause it. LBW and factors
such as inadequate prenatal care and short birth intervals may be jointly
influenced by unobserved characteristics such as access to health care and
socioeconomic status. 2 Other factors, such as multiple births, maternal height,
and birth order also affect birthweight, but are not as easily addressed through
interventions.

Physically Demanding Work

Two studies in Africa suggest that a seasonal increase in the energy
expenditure of pregnant women may affect birthweight more than a seasonal
decrease in caloric intake. The Keneba study in The Gambia noted a decrease in
birthweight preceding the decrease in seasonal intake and paralleling the increase
in physical work (Roberts et al., 1982). Similarly, a study in Tanzania did not see
any seasonal decrease in birthweight when rains delayed the beginning of field
work (Bantje, 1983).

Short Birth Intervals

One of the motives for family planning programs has been the promotion of
longer birth intervals to reduce the prevalence of LBW. The Demographic and
Health Surveys conducted in sub-Saharan Africa reinforce the strength of the
association between short birth intervals and infant mortality. Figure 5-5
illustrates that as birth intervals become longer, perhaps through the use of
contraceptives, the infant mortality rate decreases, although the analysis does not
control for any potential confounding factors.

This negative association between short birth intervals and survival has been
widely studied (e.g., Hobcraft et al., 1985), but the biological mechanism is not
well understood. The relationship between socioeconomic status and birth
intervals might explain part of the apparent effect of intervals

2 Biased estimates may result in estimating the effects of prenatal care or birth intervals
on birthweight if improper procedures are used. See Rosenzweig and Schultz (1983) and
Schultz (1984) for further discussion of this bias and procedures for minimizing it.
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on mortality. We do not have any evidence of how much infant mortality might
be reduced by changes in breastfeeding and contraceptive use that increase birth
intervals.

FIGURE 5-5 Infant mortality rate by length of preceding birth interval. NOTE:
BWA—Botswana, BDI—Burundi, GHA—Ghana, KEN-Kenya, LBR—Liberia,
MLI-Mali, NGA—Nigeria, SEN—Senegal, TGO-Togo, UGA—Uganda, ZWE
—Zimbabwe. SOURCE: Demographic and Health Survey reports (see
Appendix B).

Prenatal Care

Studies in Nigeria (Oruamabo and John, 1989; Wright, 1990) report that
prenatal care is associated with a lower risk of LBW because some of the
biological factors that contribute to the condition can be controlled or monitored
through regular medical attention.

Onyemunwa (1988) reported that in a study of Nigerian women, the majority
(92 percent) of the women received at least one prenatal visit. However, the
significant association with infant mortality was the timing of initiating prenatal
care. Women who began receiving care during the sixth month of pregnancy or
later were 48 percent more likely to experience the death of the child than those
women who began prenatal care during the first through fifth months. However,
it may be that some unmeasured variable was responsible for both the use of
prenatal care and child death.

Results from the DHS in sub-Saharan Africa indicate that the use of prenatal
care varies across countries. Figure 5-6 shows that in most countries,
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the majority of women report some prenatal care from either a doctor or a nurse.
In Nigeria and Mali, however, 35 and 62 percent, respectively, did not receive
any prenatal care.3 We do not know whether the number or timing of the visits or
the type of advice given or heeded was sufficient to have any impact on the
outcome of pregnancies or child survival.

FIGURE 5-6 Prenatal care received in pregnancies over previous five years,
selected countries of sub-Saharan Africa. NOTE: BWA—Botswana, GHA—
Ghana, KEN-Kenya, LBR—Liberia, NGA—Nigeria, UGA—Uganda, ZWE—
Zimbabwe. SOURCE: Demographic and Health Survey reports (see
Appendix B).

Malaria

As discussed earlier, malarial infections in pregnant women are associated
with increased risk of low birthweight (McGregor, 1984; Greenwood et al., 1989;
Cot et al., 1992). This problem is most common among first births (McGregor,
1984; Greenwood et al., 1989). It is not clear what proportion of LBW in Africa
is attributable to malaria. However, it may be the cause that can be addressed
most successfully by health programs. Programs to address malaria during
pregnancy are reviewed in Chapter 4.

3 In most countries, a few percentage of women reported receiving prenatal care from a
traditional birth attendant or someone else. In Liberia, 17.1 percent reported another
source.
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Effects of Programs on the Incidence of Low Birthweight

There are a number of studies that examine the effect of various
interventions on the incidence of low birthweight. Since these studies rarely
examine the resulting effect on infant mortality and most are small-scale studies,
we have not made a complete survey of all of them. However, it is useful to
mention a few to indicate the types of programs that have been tested and the
conclusions reached.

Small-scale studies of pregnant women have reported significant
improvements in birthweights from nutrition supplementation. A study in
Guatemala (Lechtig et al., 1975a,b) examined the effect of two supplements (one
with high protein and caloric value, the other with a lower caloric value and no
protein). The infants of the better-supplemented group had a mean birthweight
that was 111 grams higher than the poorly supplemented group. The prevalence
of LBW was 17 percent in the poorly supplemented group and 8 percent in the
better-supplemented group. The study also demonstrated that caloric intake rather
than protein appears to be the principal factor limiting fetal development. It also
suggested that the total additional calories consumed during pregnancy appear to
have been more important than the calories consumed during the trimester when
supplementation was begun.

In the village of Keneba in The Gambia, a food supplementation program
for pregnant women produced a significant increase in birthweight (Prentice,
1983; Prentice et al., 1987). Women were given biscuits and fortified tea six days a
week, providing 950 calories per day during the dry season and 1,110 calories per
day during the wet season when food was less plentiful. Moreover, the
supplement tasted good and was offered early in the morning when most of the
women would not normally have eaten at home. Among the inadequately
nourished mothers, the supplementation increased the mean birthweight by 225
grams and decreased the prevalence of LBW from 28 to 5 percent—a reduction
of 82 percent. Among all women, the increase in birthweight was 120 grams, and a
68 percent reduction in the percentage of LBW infants was observed.

VITAMIN A DEFICIENCY

Vitamin A deficiency is widespread in the developing regions of the world,
especially Africa and Asia. The condition results in a number of health disorders
and is often manifested in problems with the eye and vision. Vitamin A has
important functions in the human body. One of its physiological functions is in
the formation and maintenance of epithelial tissue, which contributes to the
body's immune system. Vitamin A is essential to growth of the skin as well as the
mucous membranes lining the ocular and
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oral cavities, and the respiratory, genitourinary, and gastrointestinal tracts. When
vitamin A is deficient, the epithelial cells become dry and flat, hardening so that
absorption of nutrients is reduced. Moreover, vitamin A deficiency may increase
the risk of bacterial colonization or delay recovery.

It is estimated that each year, approximately 10 million cases of childhood
xerophthalmia (dryness of the conjunctiva and cornea) occur worldwide, with
more than 500,000 resulting in blindness (Feachem, 1987). Vitamin A deficiency
is often associated with specific regions of the world, such as Africa and Asia,
where diets often lack carotene-containing foods.

Studies of Vitamin A Deficiency, Morbidity, and Mortality

The lack of data makes it difficult to assess the prevalence of vitamin A
deficiency for sub-Saharan Africa or for individual countries. However, a few
studies in sub-Saharan Africa provide some estimates. In the Lower Shire River
Valley of Malawi, for example, 5.4 percent of children less than 6 years of age
experienced night blindness and 3.9 percent of children suffered active corneal
disease (Tielsch et al., 1986). In southern Ethiopia, De Sole et al. (1987) reported
an average prevalence of vitamin A deficiency of 5.4 percent in boys aged 6
months to 6 years, and 5.5 percent in girls of the same age.

A few studies in sub-Saharan Africa support the association between vitamin
A deficiency and more severe cases of diarrhea, measles, and respiratory
infections. In southern Ethiopia, De Sole et al. (1987) reported that the prevalence
of severe cases of diarrhea in the previous year was twice as high among children
with vitamin A deficiency as among children without the deficit.

A number of studies have indicated that children with severe vitamin A
deficiency and xerophthalmia experience elevated rates of mortality. Death rates
among children hospitalized with these conditions range on average from 15 to 25
percent (Kuming and Politzer, 1967; Sommer et al., 1975; Brown et al., 1979;
Sommer, 1982). Most studies do not attribute the deaths to the deficiency of
vitamin A but rather to concurrent illnesses and conditions that are exacerbated
by reduced levels of vitamin A, such as PEM, diarrhea, and respiratory
infections.

Studies of Vitamin A Supplementation and Mortality
Reduction

A number of vitamin A supplementation studies have been conducted,
principally in Asia, that demonstrate a positive effect on reducing infant and child
mortality. In a meta-analysis of vitamin A supplementation studies conducted in
Asia, Tonascia et al. (personal communication, 1992) estimated the weighted
reduction in mortality attributable to vitamin A deficiency
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for children 6 months or older (up to approximately 83 months at follow-up) to be
34 percent. They noted that the magnitude of the effect may depend on the extent
and severity of nutritional deficiencies, the cause-of-death structure of infant and
child mortality, cultural and environmental factors, and the study design and
implementation.

Sommer et al. (1986) conducted a randomized controlled community trial of
periodic large-dose vitamin A supplementation in northern Sumatra, Indonesia.
During the follow-up period, almost all deaths in program villages were among
children who had not received the supplement. Preschool children in the
treatment group experienced a 34 percent reduction in the noninfant mortality
rates compared to the comparison group. In a reanalysis of the same data,
Tarwotjo et al. (1987) reported that among children between ages 3 and 11
months, mortality rates were 0.9 per 1,000 in the treatment group, compared to
12.0 in the nontreatment group and 6.0 in the control areas. They concluded that
the 34 percent reduction reported in the previous article may be an underestimate
because the early analysis was based on intent to treat (i.e., results for all children
allocated to one regimen are compared with those allocated to the other,
regardless of whether they received the regimen assigned) at the community
level, rather than on those actually receiving the intervention at the individual
level. In southern India, Rahmathullah et al. (1990) reported that vitamin A
supplements equivalent to the level recommended by international groups, when
given on a weekly basis, reduced the relative risk of mortality in children under 5
years of age by 54 percent. Mortality rates in the control group were 10.5 per
1,000 compared to 4.8 per 1,000 in the treatment group. West et al. (1991)
conducted a trial of the efficacy of vitamin A supplementation in reducing
childhood mortality in Nepal. In a randomized, double-blind community trial of
almost 29,000 children aged 6-72 months, supplemented children received 60,000
retinol equivalents every four months and the placebo-treated group received 300
retinol equivalents. After 12 months, the relative risk of death among the
supplemented group was 70 percent that of the control group, supporting the
hypothesis that vitamin A supplementation can contribute to lower overall child
mortality. Daulaire et al. (1992) found that the risk of death for Nepali children
aged 1 to 59 months in supplemented communities was 26 percent lower than in
unsupplemented communities, with the largest reduction of 49 percent among
children 6 to 11 months of age.

Although most studies find an association between vitamin A
supplementation and a reduction in mortality, a prospective double-blind
placebo-controlled study conducted in Hyderabad, India, reported no significant
difference when supplementation occurred. The study, conducted by
Vijayaraghavan et al. (1990), indicated that mortality rates were similar in the
groups receiving the supplement and the placebo.
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Herrera et al. (1992) also found no mortality effect in a controlled, masked
randomized trial of 29,615 children in northern Sudan where there was a clear
association between dietary vitamin A and mortality, based on a nonsignificant
difference in the number of deaths between the comparison and treatment groups.
In that study, some children were assigned to a group that received 200,000
international units (IU) of vitamin A and 40 IU of vitamin E every six months.
The control group received only 40 IU of vitamin E. Over the 18 months of the
study, there was no apparent effect of large-dose vitamin A supplementation on
mortality. It is not understood why the findings of this study in northern Sudan
differ from those conducted in other parts of the world. Perhaps political and
social conditions were impediments to the study. On the other hand, the
nonsignificant effect of vitamin A supplementation may be based on differing
disease epidemiologies due to ecological differences.

For Africa, the most recent evidence on the effect of vitamin A
supplementation, morbidity, and mortality comes from an experiment in northern
Ghana. There, in an intervention trial among mildly vitamin A-deficient children
conducted by Ross et al. (Beaton et al., 1992) a reduction of 20 percent in
mortality is reported among the supplemented group compared to the control
group (probability less than .003).

SUMMARY

A variety of nutrition-related conditions exacerbate the mortality effect of
several diseases. Protein-energy malnutrition, although rare during the first six
months of life, is common among children between 6 and 23 months of age, and
is associated with increases in diarrheal and other diseases. Wide variations in the
prevalence of malnutrition are observed in sub-Saharan Africa, and a number of
studies suggest that the effect of nutritional status is less important in Africa than
in Asia. Many programs that address malnutrition do not necessarily reduce
mortality. Most nutrition interventions do not gather information on mortality.
Supplemental feeding programs often do not reach the target populations; growth
monitoring may make mothers aware of how their children are developing, but it
has little direct effect on reducing mortality.

Mild and severe vitamin A deficiency seems to be associated with excess
mortality. Studies conducted principally in Asia report higher overall and cause-
specific mortality among children with this deficiency. Again, little evidence
exists to make conclusions about the effect of vitamin A supplementation in sub-
Saharan Africa.
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6

Integrated and General Health Programs

INTRODUCTION

The previous chapters reviewed studies of disease-specific interventions. In
practice, few health programs are limited to a single intervention against a single
disease. Immunization programs include vaccinations against several diseases
(usually tuberculosis, diphtheria, pertussis, tetanus, polio, and measles). Health
centers often offer vaccinations, as well as treatment for fever, diarrhea, and
tuberculosis, and many provide growth monitoring and health education.
Hospitals often include a health center that provides all these services as well as
curative services for a wide range of diseases and conditions, including
pregnancy.

Integrated services are expected to have an effect on mortality because they
generally include some interventions that have demonstrated effects when
delivered alone. For example, because most health centers and hospitals provide
measles vaccinations, at a minimum these programs have an impact through this
one service. However, we would like to know whether the effects of these
integrated services are larger than the effects of much simpler (and presumably
cheaper) programs based on a few selected interventions.

Integrated health programs, health centers, and hospitals should not be
evaluated solely on the basis of their effect on mortality. In the first place, they
provide services that reduce morbidity, and they often serve as training centers
for doctors and other health personnel. Second, hospitals also have
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the potential to serve as centers for research into local health problems. Third, the
development of efficient health centers and hospitals is a necessary precondition
for the continuing improvement of health services in Africa (Mosley, 1988;
Newell, 1988). Although many of the individual interventions can be delivered
efficiently without extensive investment in health centers and hospitals, that may
not be true of the interventions that will be the focus of future efforts to improve
health services in Africa (Ewbank and Zimicki, 1988). For example, although
vaccinations can be provided through periodic visits of mobile teams, treatment
for acute illnesses such as malaria and respiratory infections must be available
almost continuously. In addition, as the number of services provided increases,
the relative cost-effectiveness of fixed clinics may increase because the fixed
costs of the clinic are distributed over a larger number of effective interventions.
Therefore, health centers and hospitals should be evaluated in the context of the
continuing development of general health services.

Evaluation of the efficacy of integrated health programs is much more
problematic than evaluation of single interventions. First, it is difficult to assume
that the results of a study of one program apply to other programs because there
is substantial variation among integrated programs. For example, some
vaccination programs include locally important vaccines such as meningococcal
vaccine. Similarly, health centers differ in the number of drugs and amount of
equipment available, the staffing patterns, and the skill level of personnel. Even if
the same services are offered, there might be substantial variation in the mix of
services actually delivered. For example, health centers may encourage mothers
to return monthly for the series of diphtheria-pertussis-tetanus (DPT) and polio
injections, but may find it difficult to have them return for a measles injection
after the child is 9 months old. On the other hand, mobile clinics may achieve
higher coverage of measles (a single injection) than DPT, which requires three
injections each separated by at least one month.

A second problem in the evaluation of integrated programs is that it is often
difficult to identify and maintain control areas. When national programs begin,
there is often an attempt to introduce them in all parts of the country as quickly as
possible. For example, the evaluation of the Combatting Childhood
Communicable Diseases Project in Zaire began with a program area and a
control area. However, after the baseline survey, the program managers decided
to combine the two areas into one health zone (Chahnazarian et al., 1993).

Even when scientists can define control areas, it is often difficult to limit the
use of services to those living in the intervention areas. For example, it is rarely
possible to restrict access to a health center to a defined population. Therefore,
evaluations of such programs are prone to contamination of the control area.
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Finally, the more complex the program, the less likely are all of its aspects to
be successfully introduced simultaneously. Therefore, there is no exact date for
the start of the program. Training of personnel often continues after the start of
services, the range of services may increase slowly, and problems in management
and staffing may delay the effective operation of the program. In many cases, the
program will be phased in over so many years that it is not feasible to separate its
effects from long-term trends.

Given these difficulties, it is not surprising that few studies have produced
reliable estimates of the effect of hospitals, health centers, or integrated
programs.

CASE STUDIES OF LONG-TERM MORTALITY TRENDS

The best evidence for the effect of health programs on mortality in Africa
comes from a few studies of long-term trends in mortality in West Africa.
Although these studies do not offer the kind of rigorous proof provided by
randomized trials or even natural experiments with control areas, they do suggest
that the expansion of health services has had an impact on survival rates.

Mlomp, Senegal

Pison et al. (1993) have examined mortality trends in Mlomp, a rural area in
southern Senegal. Maternity histories collected in 1984-1985 were compared with
registers from maternity clinics, civil registers, and records from religious
missions and health dispensaries. These data provide estimates of infant and child
mortality for the period 1930-1984. Although the quality of these estimates
cannot match that of a continuous registration system, they provide a reasonable
outline of mortality trends. It appears that the proportion of children dying by age 5
was quite stable at about 350-370 per 1,000 from 1930 to 1960. After 1960
mortality began to decline rapidly and fell to only 81 per 1,000 for 1985-1989.

Pison et al. provide a convincing case for the conclusion that this rapid
decline in mortality and the very low levels today are due largely to the
introduction of health services during the 1960s and 1970s. These services
include the opening of a dispensary in 1961 and a maternity clinic in 1968.
Vaccination programs started in 1971, but were irregular until the late 1970s. By
1980 most children were correctly vaccinated. Ninety-nine percent of the children
born in Mlomp in 1988 and still living in the area had received measles, yellow
fever, BCG, DPT, and polio vaccines. A growth monitoring program began in
1969 and supplementary foods were provided to mothers and children. In 1975,
an antimalarial program began promoting regular doses of chloroquine during the
rainy season. Chloroquine is provided free to pregnant women and young
children.
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The effect of these programs can be seen in data on cause of death and in
epidemiologic data. In 1963 a survey showed a malaria parasite rate of 50
percent in children. In 1989 the prevalence of malaria parasitemia was only 3
percent among children aged 0-6 years at the end of the rainy season. During
1985-1989 the data on cause of death suggest that the probability of dying of
malaria between ages 1 month and 5 years was only 2 per 1,000. The last
epidemics of measles occurred in 1972 and 1974. During 1985-1989 there were
no measles deaths and only one death from whooping cough.

There have been socioeconomic changes in Mlomp, but they were probably
not responsible for most of the declines in infant and child mortality rates.
Education levels of women have only increased recently, and in 1985-1989 only
26 percent of the births were to mothers who had completed at least one year of
schooling. Transportation improved, but not until after the mortality decline was
well established. Finally, there was no substantial improvement in the economic
situation in the area.

The Mlomp example suggests that the provision of basic health services can
bring about substantial declines in infant and child mortality.

Keneba, The Gambia, 1950-1984

Four villages (Keneba, Manduar, Jali, Kanton-Kunda) located in the West-
Kiang district in The Gambia, totaling about 2,000 persons, have been followed
by a team of British researchers since 1949 (Billewicz and McGregor, 1982;
Lamb et al., 1984). During the first 25 years, there was no evidence of mortality
decline in Keneba. If anything there was a small rise in mortality from 1950 until
1970. Mortality was extremely high during this period, with a peak probability of
dying before age 5, 5q0, of 488 per 1,000 live births and an infant mortality rate
of 220 in 1966-1970.

Massive interventions were introduced between 1975 and 1983 in three
villages. A physician or qualified nurse-wife was available in the area 24 hours
per day. General clinics, as well as prenatal and well-child clinics were held
weekly. Women were provided regular gynecological and contraceptive services.
To facilitate use of the health services, transportation to and from the clinic was
free. Should community members require hospital admission, they were
transported to the government hospital. Moreover, traditional midwives were
trained to use more hygienic delivery practices. Mortality dropped rapidly.
Mortality under age 5 dropped by 75 percent to 110 deaths per 1,000 children in
1982-1983. Infant mortality dropped by 89 percent to only 25 deaths per 1,000
live births. This dramatic decline was achieved by having a physician or a
qualified nurse constantly on call. They had a minimal list of essential drugs and
means of transportation for referral when necessary.
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This case suggests that relatively simple and efficient interventions can bring
about a major reduction in mortality in a very short period of time, despite the
poor socioeconomic conditions and the low level of education that prevailed
throughout the period. It is probably the most striking example of what can be
achieved with simple and appropriate interventions.

Niakhar, Senegal, 1962-1989

A rural area of Senegal (Niakhar) has been under demographic surveillance
since 1962. During the first period, 1962-1972, mortality was extremely high with
an average rate by age 5 of 500 deaths per 1,000 children (Garenne, 1981). There
was evidence of mortality decline for all ages and especially for children under 5
years of age since 1962. The decline was not regular. The first major drop in
under-5 mortality occurred between 1970 and 1979. Despite the declining trend,
annual fluctuations have been considerable, with rates often doubling from one
year to the next, most of them being beyond the 95 percent confidence intervals.
An attempt to reconstruct the earlier trends in birth and death rates indicated that
mortality has declined since at least 1954 and that fertility began to rise at
approximately the same time.

A number of interventions were carried out in Niakhar in the late 1970s and
through the 1980s. A food supplementation program, which included a growth
monitoring component, was carried out between 1972 and 1989. In 1986, a
large-scale primary health care program, which included EPI vaccines, oral
rehydration therapy, treatment for acute respiratory infections, availability of
essential drugs, and medical services, was introduced. Vaccination coverage
increased substantially. Measles vaccination coverage increased from 8 percent in
1986 to 80 percent in 1989. The percentage of children receiving the third dose of
the DPT vaccine increased from 0 to 56 percent over the same period.

Mortality declined dramatically within three years. Child mortality dropped
by 52 percent between 1984-1986 and 1989. During the same period, the infant
mortality rate dropped by 41 percent. By 1989, the under-5 mortality rate was 159
deaths per 1,000 children and the infant mortality rate (IMR) was only 69 deaths
per 1,000 live births. The neonatal mortality rate was less affected by the project,
dropping only 26 percent.

Most of the mortality decline could be attributed to four causes of death that
were the target of the interventions: measles, pertussis, diarrhea, and acute
respiratory infections. This case study shows that major annual fluctuations are a
normal component of child mortality in Africa, that local trends in mortality are
far from linear, and above all, that simple selective public health interventions can
have a major impact on cause-specific mortality of children in a very short period
of time.
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HOSPITALS AND HEALTH CENTERS

Table 6-1 presents estimates from the Demographic and Health Surveys
(DHS) of the proportion of children with diarrhea, fever, or respiratory problems
who received treatment at a medical facility. Basic medical services reach a large
proportion of the population of many countries. As a result, the potential effect of
these programs is substantial. Despite the large investments in hospitals and
health centers, there are very few instances in which the mortality impact of these
facilities has been estimated.

Little or no association between child mortality trends in the late 1970s and
the availability of health services was reported for Kenya by Blacker et al.
(1987), with the exception of a few districts, as discussed in Chapter 7 of the
report of the Working Group on Kenya (1993).

The recent DHS in Liberia and Zimbabwe provide an opportunity for a
crude test of the effect of health centers. In the Liberia DHS, women reported how
long it took them to travel to the nearest clinic. In Zimbabwe, a separate survey
was conducted to record the nearest clinic for some of the clusters. Katende
(1992) analyzed these data for evidence that proximity to

TABLE 6-1 Proportion of Reported Recent Cases of Diarrhea, Fever, and Cough or
Difficulty Breathing Among Children 1-59 Months of Age Taken to a Medical
Facility, Selected Countries of Sub-Saharan Africa, 1986-1989
       Cough or Difficulty

Breathinga

Country Diarrheaa Feverb Diarrhea and
Fever

Fever No Fever

Botswana 45.9 90.2 69.1 92.4 81.2
Burundi 38.1 49.9 45.7 45.1 34.8
Ghana 43.1 56.4 48.9 51.5 46.3
Kenya 46.8 55.5 49.7 70.7 56.7
Mali 2.8 2.9 3.3 7.3c 3.0c

Senegal 19.4 57.6d n.a. n.a. n.a.
Togo 25.4 30.8a 28.9 36.2c 23.9c

Uganda 14.8 48.3 18.3 57.6 46.8
Zimbabwe 32.9 n.a. 34.6 58.9 53.5

NOTE: n.a. = not available.
a Two weeks preceding survey.
b Four weeks preceding survey unless otherwise noted.
c Rapid breathing with or without fever.
d Malaria during the last cold season.
SOURCE: Boerma et al. (1991:Tables 3.14, 4.2, and 5.2).

INTEGRATED AND GENERAL HEALTH PROGRAMS 137

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

 to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

,
an

d 
so

m
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Effects of Health Programs on Child Mortality in Sub-Saharan Africa 
http://www.nap.edu/catalog/2208.html

http://www.nap.edu/catalog/2208.html


a health center is associated with lower infant or child (i.e., ages 1-4 years)
mortality. His analysis, which controlled for age, education, socioeconomic
status, ethnicity, child immunization status, and water source, did not provide any
support for the hypothesis that proximity of health clinics reduce child mortality.
The only significant result was for infant mortality in Liberia. Liberian children
who live within 30 minutes of a health clinic did appear to have significantly
lower infant mortality rates than those who did not. However, this relationship
became nonsignificant when several control variables, in particular ethnicity,
were included.

We do not consider the results of these analyses to be conclusive. First,
cross-sectional data are not suitable for rigorous tests of causality. For example,
in areas where a new health clinic opened shortly before the survey, some
children may have died before the clinic opened. More significantly, if the
government placed clinics in areas where mortality was highest, the cross-
sectional results would be biased against finding that clinics reduce mortality.
Therefore, it is important to compare the timing of changes in health services to
the timing of changes in mortality.

Second, there may not be sufficient variation in accessibility to a clinic to
discern a significant effect. In Zimbabwe, particularly, most women included in
the survey were within one hour of a clinic. Although the difference between 30
minutes and 60 minutes of travel time might be significant for minor health
problems, it might not affect use of the clinic for life-threatening conditions.
Because of these problems, it is necessary to rely on studies that examine
changing access to health services rather than those providing information at only
one point in time.

PRIMARY HEALTH CARE PROGRAMS

Village Health Workers

Greenwood et al. (1990) have measured the effect of the primary health care
(PHC) program that began in The Gambia in 1981. The program relied on the
work of village health workers (VHWs) and traditional birth attendants (TBAs).
The responsibilities of the VHWs included treatment of malaria, diarrhea, and
acute respiratory infections, and promotion of improved nutrition and
immunization. The VHWs received an initial supply of basic drugs including
aspirin, chloroquine, oral penicillin, an antacid, and an anthelmintic. They were to
buy replacements with funds obtained through the sale of drugs to their patients.
In 1983 the PHC program began in most of the villages in Farafenni district
having a population of at least 400. The ''non-PHC" villages served as controls.
All villages had access to a health center in Farafenni town.

Data on program activities suggest it is unlikely that the VHWs had a
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large effect on mortality. For example, the VHWs made an average of only one
or two visits per child per year. This number was probably too small to have
brought about a large mortality decline, especially because there apparently was a
perception that the VHWs were not responsible for curative services. Vaccination
coverage was already high before the program began (e.g., measles coverage
rates of 92 percent in the PHC and 84 percent in the non-PHC villages).
Therefore, there was little room for the VHWs to increase vaccination coverage.
In addition, the VHWs had only a small impact on the proportion of deceased
children who were seen by a doctor before their death. This proportion increased
from 48 to 57 percent.

A comparison of the infant and child mortality rates (CMRs) in The Gambia
for the year before the start of the program with the rates for the three years after
the start show modest, nonsignificant changes. A comparison of the baseline year
with the third year after the start of the program does show a significant decline in
the IMR. However, the decline in the CMR is still not significant. In addition,
there were similar declines in mortality in the non-PHC villages.

The results of the study of PHC in The Gambia are disappointing. However,
the sample sizes involved are such that it would be surprising if the differences
between PHC and non-PHC villages were significant. If mortality in the PHC
villages was actually 20 percent lower than mortality in the non-PHC villages,
there would be only a 26 percent chance of finding a difference in infant mortality
that was significant at the 5 percent level. There would be only a 30 percent
chance of finding such a difference in under-5 mortality. A 20 percent reduction
in mortality would be a large reduction, given the differences in level of coverage
described above. Therefore, it is not surprising that results fail to show
significant differences in mortality.

In addition to the small sample size, it appears that children in non-PHC
areas received treatment from VHWs from PHC villages, which would bias the
result toward finding no difference in mortality between PHC and non-PHC
villages.

Pahou Primary Health Care Project

The Pahou PHC project (Velema et al., 1991) was a field test of an approach
to primary health care in Benin. The project covered 16 coastal villages with a
population of 13,000 about 30 kilometers from the national capital, Cotonou. The
program involved 17 VHWs and vaccination teams that visited each village. The
VHWs were trained to visit families with young children and to provide malaria
chemoprophylaxis (pyrimethamine) and ORT packets when needed. They were
also trained to provide curative services including chloroquine for malaria,
sulfadimidine for respiratory
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infections, mebendazole for parasitic infestations, ORT for diarrhea, and topical
aureomycin for eye infections. They also referred patients to the communal health
center.

The quality of data collection improved over time, and it is not possible to
calculate reliable measures of program impact. In addition, the project did not
include a control area. However, Velema et al. (1991) carried out a case-control
study to estimate the efficacy of various interventions. The study involved 74
children who died between ages 4 months and 3 years. The deceased children
were matched with 230 controls by month of birth, sex, and village of residence.
Any interventions received by the controls after the death of the case child were
excluded from the analysis.

The intervention associated with the largest reduction of mortality was
measles vaccination before 12 months of age. The relative risk for children
vaccinated early was 0.36 (95 percent confidence interval (C.I.) 0.16-0.81)
compared to unvaccinated children. Measles vaccination after 12 months of age
was not associated with any reduction in risk. This curious finding suggests there
may be other factors associated with the age at vaccination that contribute to
these results. However, the authors state that their results did not change when
they included all study variables (among them, apparently, measures of
socioeconomic status) in a single logistic regression.

The other EPI vaccinations—DPT, polio, and bacille Calmette-Guérin
(BCG)—were not associated with any reduction in mortality. However, the length
of the study was so short (34 months) that diphtheria, pertussis, and polio were
not prevalent during the study period (Velema et al., 1991). A longer period of
observation might have found a greater effect of these vaccinations. Children who
received only a single DPT immunization (DPTI) had an elevated risk of death.
However, this probably resulted from DPTI shots given to children who came to
the health center for curative services. These sick children were at increased risk
of death and were less likely to receive a second DPT.

Estimates of the efficacy of VHW visits applied only to those villages where
there was a VHW, thus excluding the two largest villages, which were close to
the communal health centers. More than 70 percent of cases and controls were
seen by a VHW. Although cases were less likely to have seen a VHW, this
difference was not significant. Similarly, the risk of death decreased with the
number of contacts with VHWs, but this difference was not significant.
However, significantly more controls than cases had been seen by a VHW in the
six months preceding the death of the case. Those who had seen a VHW in the
past six months had a relative risk of death of 0.33 (95 percent C.I. 0.16-0.69)
compared to those who never had contact with a VHW. The number of visits in
the most recent six months was also significant.

Unfortunately, the authors do not provide a simple comparison of those
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who had a visit in the past six months with those who did not. In one test, they
examined the relationship between mortality and the number of visits. In another
test, they compared those who did not have a visit in the most recent six months
with those who had a recent visit, but had not had a visit more than six months
ago. The results of the latter analysis are summarized in Table 6-2. The authors
concluded that there is evidence of "a linear trend of increasing protection with
increasing regularity of contact with the VHW ( 2for linear trend: 7.83 on 1 df
[degree of freedom])" (Velema et al., 1991:477). However, a reanalysis of the
data suggests that the relevant difference is between those who had a recent
contact with the VHW (within six months of the age at death of the case) and
those who did not.

TABLE 6-2 Relative Risk of Death Associated with Timing of VHW Visits in Months
Preceding Death, Pahou Primary Health Care Project, Benin, 1986-1987
 Relative Risk 95% C.I.
No visit `  6 months 1.00  
Visits only `6  months 0.39 0.16-0.97
` 6 and 7-12 months 0.45 0.16-1.28
`6, 7-12, and > 12 months 0.30 0.09-0.97

2, 3 df 8.71  

SOURCE: Velema et al. (1991). By permission of Oxford University Press.

The Pahou study is an innovative attempt to demonstrate program impact
using a case-control design. This approach has the additional advantage of
providing some information on the impact of individual interventions. However,
the results must be considered tentative because of the likelihood that there are
unmeasured differences between families that might affect both mortality and
contact with the VHWs. Social class and attitudes toward modern health services
are two important sources of variation in both mortality and use of modern
services. These factors might be important sources of confounding.

CHILD SURVIVAL AND EXPANDED PROGRAMS ON
IMMUNIZATION

Combatting Childhood Communicable Diseases (CCCD) is a program
funded by the U.S. Agency for International Development to provide support
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to child survival programs in Africa. The program provides assistance for
increasing vaccination coverage, home-based use of oral rehydration therapy for
diarrhea, and presumptive treatment of fevers with chloroquine in malarious
areas. Several of the studies quoted in this report were carried out by researchers
and program staff associated with CCCD programs (e.g., Cutts, 1988; Taylor et
al., 1988; Deming, 1989; Cutts et al., 1990a-b, 1991). In addition, CCCD funded
two studies of the effect of child survival activities in areas of two CCCD
countries. One was a study of the effect of the national CCCD program on the
health services and mortality in Bomi and Grand Cape Mount counties in
Liberia. The other examined the effect of the CCCD program in Zaire in the
Kingandu area. These studies have the advantage of reporting on the
effectiveness of two national programs rather than special demonstration
projects.

Evaluation of CCCD in Liberia

Between 1984 and 1988, the CCCD program in Liberia increased coverage
with three shots of DPT from 1 to 15 percent and coverage of measles vaccine
from 13 to 33 percent among children aged 12 to 23 months. The proportion of
pregnancies protected by two injections of tetanus toxoid increased from very low
levels to more than 30 percent (Foster et al., 1993).

Becker et al. (1993) reported on the results of two surveys carried out in
1984 and 1988, which recorded mortality rates before and after the start of the
program. A comparison of the two years preceding the start of the program with
the subsequent two years shows that infant mortality declined by an estimated
24.5 percent (from 240 to 181 death per 1,000 live births). Mortality at ages 1-4
years declined by 28 percent (from 46 to 33 deaths per 1,000). Both changes were
significant at the 5 percent level. The study did not include a control area since
the program was introduced nationally. However, it is unlikely that declines of
this magnitude would have occurred in the absence of the program.

Although it appears that the program reduced mortality overall, the studies
did not provide convincing evidence on which components of the program were
responsible for the declines. Estimates of the cause of death suggested that
mortality due to neonatal tetanus declined by more than 50 percent. Coverage
with tetanus toxoid most likely did not increase this much so the decline in
tetanus mortality was probably not quite as large. The other cause of death that
showed a decline was "fever." However, reported used of antimalarials did not
change over the period (Foster et al., 1993). There was no decline in the reporting
of measles deaths, nor was there any relationship between the increase in measles
coverage by survey cluster and the change in mortality at ages 1-4 years.

The failure of the CCCD study in Liberia to demonstrate declines in
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causes of death that were targeted by the program is disappointing, but perhaps
not surprising. The verbal autopsies employed in the study were taken from
questionnaires used in the Philippines. It is not clear to what extent they were
valid in Liberia. In addition, the Liberia study used slightly different criteria for
diagnosis. For example, in the Philippines, the criteria for diagnosis of nonfatal
measles were "age greater than 120 days, rash and fever for more than three
days." These criteria had a sensitivity of 98 percent and a specificity of 90
percent (Kalter et al., 1990). Becker et al. (1993) listed their criteria for diagnosis
of measles as "presence of skin rash and child over 2 months of age." By
dropping fever and not limiting the rash to those lasting at least three days, the
specificity of the criteria was probably lower than it was in the Philippines. In
addition, dropping the age limit from 4 to 2 months probably led to an
exaggeration of measles deaths at ages 1-5 months.

If the sensitivity and specificity of the criteria used in the CCCD study in
Liberia were the same as those estimated by Kalter in the Philippines, only about
59 percent of the reported measles deaths in the 1984 were in fact measles.1 This
proportion is termed the "positive predictive value" of the criteria. If the
specificity was only 85 percent (because of the less stringent criteria used in
Liberia), then only 34 percent of the reported measles deaths were actually due to
this cause.

With such low positive predictive values, comparisons of reported measles
mortality rates before and after the start of the CCCD program do not provide a
powerful test of the hypothesis that the program reduced measles mortality.
Because measles immunization coverage increased from 13 to only 33 percent,
we might have expected true measles deaths to decline by roughly 20 percent.
With a positive predictive value of 59 percent, the expected decline in reported
measles deaths would be only 59 percent of 20 percent, or approximately 12
percent, or a decline from about 18 to 16 deaths per 1,000.

There are similar problems with their other reports of causes of death, such
as acute respiratory infections. For example, Kalter et al. (1990) estimated that
the sensitivity and specificity of "cough for at least 4 days and dyspnoea for at
least 1 day" are 59 and 77 percent, respectively. Becker et al. (1993) used the
criteria of "cough and trouble breathing for more than 2 days." The positive
predictive value for these criteria is probably not high enough to be useful for
studying changes in the mortality rate due to respiratory infections.
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1 The true proportion of all deaths due to measles can be estimated as (R +  - 1)/( +
 - 1) where R is the reported proportion due to measles,  is the sensitivity, and  is

the specificity.
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Evaluation of CCCD in Zaire

The CCCD program in Zaire succeeded in increasing vaccination coverage
in the Kingandu area. Measles immunization coverage increased from 22 to 74
percent, and coverage with three doses of DPT increased from 15 to 62 percent
(Vernon et al., 1993). Reported use of oral rehydration increased from less than 6
percent to greater than 55 percent per episode. The proportion of pregnancies
protected by two injections of tetanus toxoid increased from 14 to 43 percent.

There was an evaluation of the effect of the CCCD program in Zaire in
Kingandu (Chahnazarian et al., 1993). The mortality rate among children aged 0
to 5 declined from 41 per 1,000 during the five years preceding the start of the
program to 33 during the next five years. This decline was concentrated at ages 1
to 4 years, where mortality declined by 33 percent (95 percent C.I. 22-45
percent). A regression analysis suggested that this decline is more consistent with a
program effect than with a steady downward trend, although it is not possible to
disentangle the two possibilities statistically.

One approach to determining whether the decline in mortality was due to the
program is to examine changes in the reported number of measles cases
(Chahnazarian et al., 1993). There was a sharp drop in the annual number of
measles cases reported at the local hospital following the start of the program and
the increase in vaccination coverage. During 1978-1984, there was an average of
108 measles cases at the hospital each year. After the start of the CCCD program
(1985-1989), there was an average of 36 cases per year. Most of these cases
occurred during an outbreak in the hospital in 1988. A regression of the mortality
rate at ages 6 to 35 months on the reported measles cases for the years 1978-1987
and 1989 shows that variations in the number of reported measles cases explained
67 percent of the variance in mortality. Therefore, the decline in the average
annual number of measles cases in the hospital between the preprogram period
(1978-1984) and the postprogram period (1985-1989) was associated with an 18
percent decrease in mortality at 6 to 35 months. This estimate probably included
some effect from the other program interventions. However, it is likely that the
largest share of the effect is attributable to measles immunization.

SUMMARY

It is difficult to believe that the increasing availability of modern health
services provided at hospitals, at health centers, and through integrated health
programs has not played some role in the long-term decline in infant and child
mortality in sub-Saharan Africa. However, there is very little
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evidence to help us determine whether their contributions have been trivial or
substantial. These programs and services are difficult to evaluate because they are
based on a set of services rather than a single intervention and are usually
introduced slowly over a period of time.

Case histories from Senegal provide some evidence that the declines in
mortality were associated with increases in health services. The data from Keneba
in The Gambia are more convincing because the health programs were introduced
over a period of a few years and were associated with a very rapid decline in
mortality.

The evaluations of the CCCD programs are valuable because they are the
most recent studies of the effects of national integrated health programs in
Africa. Both studies suffer from lack of control areas. In Liberia there were no
opportunities for controls, and in Zaire the control area was administratively
incorporated into the program area after the start of the study. However, both
studies suggested large declines in mortality that were temporally associated with
the start of the program.

There is little evidence about the effect of village health workers on
mortality. We have not attempted to review all of the literature on the effect of
VHW schemes on vaccination coverage, the provision of services by VHWs, and
the frequency and timeliness of referrals to clinic. However, the studies reviewed
here as well as others (e.g., Nougtara et al., 1989) suggest that VHWs do not
necessarily increase utilization of health services.

Many more studies of the effect of primary health care on mortality are
needed. Because there is probably great variability in the performance of general
health programs, we need more small-scale studies (such as that in The Gambia).
Planning small studies will improve the feasibility of completing them. Increasing
the number of studies will reveal whether there are any generalizations that can
be made about this type of program. Whenever possible, these studies should
examine the longer-term effect of programs because it may take several years for
them to achieve a level of operation that shows an effect.
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7

Conclusions and Recommendations

Health programs in Africa encompass a wide range of medical and public
health efforts. Ministries of health often oversee services, such as vaccination
programs, maternity services, treatment of chronic psychiatric illnesses, and
surgical wards. Given the extremely limited budgets for government expenditures
and the pressures for controlling public spending, health sector planners and
bilateral or multilateral funding agencies need evidence about whether the
programs they support are having the desired effects and guidance on which of
these programs and should be expanded.

The circumstantial evidence is clear: The coverage and range of health
programs has increased substantially in Africa during the past 20 years, and
infant and child mortality rates have declined. However, we found only a few
studies that actually measured the effect of any component of a national health
program on child mortality in Africa. The vast majority of research comes from
studies of defined interventions (e.g., measles vaccination or antimalarial
spraying) in small areas. Most of these studies examine the effects of a single
intervention, and many are closer to carefully controlled clinical trials than they
are to evaluations of large-scale programs. Therefore, we cannot make strong
statements about the overall effectiveness of health programs in Africa.
However, we can conclude that most national health programs include
interventions that have been shown to reduce mortality in small test programs.

Our first and most important finding is that many of the central elements of
most national health programs in Africa have never been evaluated
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in terms of their likely impact on mortality. In some cases, the nature of the
programs and of the interventions precludes direct measurement of effectiveness
in reducing mortality. However, there are many types of programs that could be
evaluated but have not been studied or have been studied only in small-scale
trials. In particular, there are very few studies of the effects of health centers and
integrated programs on mortality, and no studies that attempt to estimate the
effectiveness of hospitals in reducing population levels of mortality.

Given this conclusion, most of the review of the evidence—and, therefore,
most of the conclusions below—concern interventions aimed at individual
diseases. We will summarize here our findings about the four most common
causes of death among children in Africa: measles, diarrhea, malaria, and acute
respiratory infections.

DISEASE- AND INTERVENTION-SPECIFIC CONCLUSIONS

Measles

Vaccination programs currently provide measles vaccination to about half of
all children in the region. The protective effects of measles vaccination are well
documented in several studies in coastal areas of West Africa and one study in
Zaire. In these locales, vaccination was responsible for substantial declines in
mortality. There is evidence from several other areas that vaccination has reduced
the incidence of measles. However, wide variations in vaccine efficacy (often
associated with cold chain failures) and substantial differences in the
epidemiology of the disease (e.g., frequency of epidemics, proportion secondary
cases) make it difficult to estimate the impact of measles vaccination in Africa.

Vaccination is not likely to eliminate measles cases in Africa in the near
future. Therefore, expanded case management should be considered as a
supplemental strategy to lower the case-fatality rates in serious cases.

Diarrheal Diseases

Diarrheal diseases are among the leading causes of death of infants and
children in sub-Saharan Africa, as they are throughout the developing world.
They also reduce the health of children by imposing a high burden of morbidity
and by contributing substantially to malnutrition. The primary intervention for
control of diarrheal disease mortality in the past decade has been management of
acute dehydrating diarrhea by using oral rehydration therapy (ORT) and
continued feeding. This approach to case management has proven efficacious in
clinical settings outside of Africa and is likely to prevent mortality in
community-wide programs, but the effects in community-based
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programs have not been well documented in Africa. To achieve the maximum
benefit from this intervention in sub-Saharan Africa, it would be necessary to
increase coverage beyond the currently estimated 36 percent of episodes treated,
and to improve both the targeting of treatment and the quality of the treatment
given. Furthermore, because acute dehydrating illnesses may be responsible for
half or less of diarrhea-associated mortality, a more comprehensive approach to
case management will also be needed to reduce the mortality due to dysentery and
persistent diarrhea, often associated with malnutrition.

Malaria

Presumptive treatment of fever with chloroquine is standard practice in
many parts of Africa. It is not only the practice in health centers; presumptive
treatment is practiced in many homes before or instead of attending a health
center. There are no studies demonstrating that presumptive treatment actually
reduces childhood mortality. Although studies demonstrate the effect of
treatment of malaria with chloroquine on the progression of the disease, there are
no studies that test the basic assumption that reducing case severity will in the
long run reduce mortality.

It may not be possible to design studies to compare the effectiveness of
presumptive treatment with no treatment of fevers. It would be unethical to
remove this treatment from a control population that already relies on
chloroquine, and it might not be possible to find endemic or holoendemic areas
where presumptive treatment is not already practiced. However, it would be
possible to test the effect of increasing the proportion of cases treated
presumptively or the effect of improving dosages or promptness of treatment. The
two studies designed to do so failed to bring about sizable changes in the
frequency of treatment.

The effectiveness of presumptive treatment with chloroquine is also
uncertain because of increases in the prevalence of chloroquine resistance.
Although the mere presence of resistant strains does not mean that chloroquine is
totally useless, it does reduce the level of effectiveness. As long as chloroquine
was effective, the arguments for presumptive treatment were persuasive.
However, the reduced efficacy of chloroquine and the lack of equally safe, low-
cost alternative drugs introduce additional uncertainty into the estimation of
effectiveness.

Home-based use of chloroquine and other drugs for presumptive treatment
of fevers presents problems for research on the effectiveness of other strategies
for reducing mortality due to malaria. Researchers cannot assume that the level of
treatment or chemoprophylaxis is minimal in designated control areas or at the
time of baseline surveys in intervention areas. It is necessary to document the
frequency and adequacy of treatment (home based

CONCLUSIONS AND RECOMMENDATIONS 148

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

 to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

,
an

d 
so

m
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Effects of Health Programs on Child Mortality in Sub-Saharan Africa 
http://www.nap.edu/catalog/2208.html

http://www.nap.edu/catalog/2208.html


and at clinics, presumptive and diagnosed). Without documentation of the level
of treatment in control areas or baseline comparisons of program and control
areas, study results cannot be extrapolated to areas in which the baseline
conditions may be quite different.

The evidence substantiating the use of chemoprophylaxis among pregnant
women is not very strong. Although there are numerous studies demonstrating
beneficial effects of prophylaxis on intermediate outcomes such as birthweight,
there is little direct evidence that prophylaxis actually increases child survival.

The use of insecticide-impregnated bed nets has been demonstrated to
reduce mortality in one area of sub-Saharan Africa with high levels of seasonal
malaria. There is a need for studies of acceptability and efficacy in populations
with other patterns, such as areas of high endemicity and areas of infrequent
epidemics.

Acute Respiratory Infections

Acute respiratory infections (ARIs), particularly pneumonia, are also a
major cause of childhood mortality in sub-Saharan Africa. Although their
importance has been recognized for some time, it is only recently that a control
program strategy has been shown to be effective. This strategy uses a
presumptive diagnostic algorithm of pneumonia based principally on respiratory
rate and recognition of chest indrawing; treatment is given with antibiotics. In
community-based intervention trials in a variety of settings, this strategy has been
shown to reduce under-5 mortality by approximately 25 percent. In the only trial
in sub-Saharan Africa, the probability of dying by age 5 was reduced by 39 per
1,000. Clearly, some antibiotic treatment of suspected pneumonia is currently
occurring in Africa, but systematic programs to improve diagnosis and provide
correct therapy are just beginning. Although it is too soon to determine an effect
on child mortality of ARI treatment programs, there would seem to be the
potential for substantial mortality reduction if the case-management strategy can
be fully implemented.

GENERAL OBSERVATIONS ABOUT THE EVALUATION OF
HEALTH PROGRAMS IN AFRICA

Given the wide range of disease environments in Africa, a worrying number
of the best studies of the efficacy of basic interventions have been carried out in a
very narrow range of ecological and cultural settings. In particular, a substantial
proportion of the studies have been carried out in small areas of Senegal and The
Gambia. The area of Senegal that has been studied by researchers from the
Institut Français de Recherche Scientifique
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pour le Développement en Coopération (ORSTOM), and the area of The Gambia
that has been studied by researchers from the Medical Research Council of the
United Kingdom, are within approximately 60 miles of each other in very similar
ecological and cultural environments. Good research is being done in other areas
of Africa. However, there is a desperate need for more research on the
effectiveness of integrated programs and individual interventions in a wider range
of environments. The high volume of excellent research from Senegal and The
Gambia is evidence that long-term studies in defined populations are an effective
means of studying health interventions.

In addition to disease- and intervention-specific conclusions and
recommendations, there are a number of general observations related to the state
of health programs and research in sub-Saharan Africa.

1.  Declines in infant and child mortality rates should remainthe primary
indicator of the effectiveness of child health interventionsin Africa.
There are other useful indicators of the success of some specific health
interventions, such as improved nutritional status and lower prevalence of
chronic morbidity. However, the primary goal of most health programs in
Africa must be the reduction of mortality. In addition, many of the
interventions aimed at reducing mortality are also associated with
reductions in morbidity.
That having been said, it is not necessary to measure the change in
mortality associated with every program. Once we have shown that an
intervention reduces mortality when implemented properly, we can
evaluate programs using coverage and promptness of services and
compliance with program protocols.

2.  The goals stated for many programs suggest that program
plannersoften have unrealistic expectations about the feasibility of
measuringmortality changes associated with some kinds of
interventions. There is large variation in the rapidity with which
interventions can reduce mortality. It is feasible to measure the effects
only of those interventions that can achieve large reductions in mortality
quickly. Evaluation of interventions that reduce mortality by only a
modest amount (e.g., less than 10 percent) requires very large sample
sizes to achieve precise measurements of mortality. However, the larger
the sample size, the more difficult it is to ensure precise measurements.
For national programs, it may not be possible to measure the effect of
programs that reduce mortality in an age group by less than 20 per 1,000.
Similarly, it may not be possible to demonstrate that a program reduced
mortality if the mortality decline occurred over several years. The slower
the decline, the longer must data collection continue and the greater is the
expense. A long, slow decline also makes it difficult to demonstrate that  
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  the change was caused by the program rather than by other changes in
the population.
It is useful to consider three types of programs:

•   Programs that are relatively easy to study because they have a dramatic
effect on mortality: Included here are programs that can cause a quick,
dramatic reduction in mortality, perhaps limited to one age group. In some
cases, it is possible to document the effectiveness of these programs in
large populations. Examples are programs that include measles
vaccination and mass immunization of women of childbearing age with
tetanus toxoid. Regular distribution of vitamin A may also belong in this
group. Although evaluations of these programs can demonstrate short-
term effects on mortality, studies of long-term, sustained effectiveness
generally will have to rely on intermediate measures such as vaccine
efficacy and surveillance studies of incidence.

•   Programs whose effectiveness in reducing mortality can be measured only
in small-scale studies: This group includes programs that have a more
modest potential for reducing mortality or that reduce mortality at a
slower rate. We can strengthen these studies by comparing survival rates
for those who received the intervention and those who did not. Examples
include programs for treatment of ARI and immunization of pregnant
women with tetanus toxoid. Once the effectiveness of these programs has
been demonstrated in small-scale studies, larger programs can be
evaluated by using intermediate measures such as coverage rates,
efficacy, and incidence rates.

•   Programs for which direct measurement of effect on mortality is not
feasible: This group includes programs that require an expansion of
infrastructure, establishing a referral structure, a large change in staff
duties, or changes in health-seeking behavior or treatment of disease by
the population. These programs can take so long to be implemented fully
that it is very difficult, if not impossible, to document their effects in
populations. In addition, it is often difficult to document a single starting
point for these programs or to measure changes in the level of program
activity. This category includes programs to reduce the incidence of low
birthweight and prematurity. In general, we can only estimate the
effectiveness of these programs by using studies of intermediate output
measures (e.g., coverage rates and changes in the incidence of low
birthweight) combined with studies that demonstrate the association of
these intermediate variables with excess mortality.

•  Misunderstandings about the nature of program effect can lead to
unrealistic expectations for measurable impact. For example, many
discussions of the potential of home-based ORT programs imply that they
can achieve quick, dramatic reductions in mortality. In fact, such
programs belong in the second or even third group because of the time
required to implement  
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  them and to change behaviors. Similarly, programs that provide tetanus
toxoid can achieve large reductions in some populations if coverage
increases rapidly. However, programs that provide injections through
antenatal car may not achieve a quick increase in coverage in populations
where prenatal care is low. The foregoing does not mean that we should
invest only in programs that have quick effects. However, we should
ensure that the measures used to evaluate these programs are firmly linked
to real effects.

3.  The trend toward stating program goals in terms of reductionin
cause-specific mortality may be setting unrealistic expectationsfor
evaluation. Measuring cause-specific mortality rates is very difficult in
Africa. Even carefully performed verbal autopsies using locally validated
methods can only provide estimates of the distribution of deaths by the
most common immediate causes. Assigning associated or underlying
causes exceeds the capabilities of large studies and national systems. In
general, it is not possible to measure cause of death precisely enough for
the evaluation of large-scale programs. However, it is important to
produce better national and subnational estimates of the relative
importance of major causes of death and to develop systems for
monitoring long-term trends in the cause-of-death structure. The verbal
autopsy components of the Demographic and Health Surveys and other
surveys should begin to give some ideas of the mortality profiles of
infants and children in the general population.

4.  More emphasis should be given to age-specific mortality ratesin
stating program goals. It is far easier to measure achievement of goals
for reduction of neonatal, postneonatal, or second-year mortality, for
example, than goals for reducing disease-specific mortality. It is often
possible to identify age (or age-sex) groups that should benefit most from a
program.

5.  There is a need for more evaluations of various packages
ofinterventions. For example, there may soon be a need to evaluate the
combination of vaccination programs and vitamin A distribution. The
purpose of these evaluations should be to measure the total impact of the
package. It is rarely possible to determine which elements of a package
are responsible for the largest share of the effect. The synergies between
diseases make it as difficult to estimate the joint effect of two
interventions from separate evaluations as it is to disentangle their
separate effects when they are studied in combination. Because the
impact of various packages can differ greatly across disease
environments, we should evaluate these packages in several types of
populations.

6.  More empirical evaluation of program effects are needed inorder to
test predictions from models. Although we have data on many
components of these models, there are no direct tests of the effects of the
recommended practices. Examples include the training of traditional birth
attendants and several of the common recommendations on malaria. We
are  
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  not suggesting that programs stop training traditional birth attendants or
change their recommendations on malaria. Whenever possible, the
conclusions from simplified biological models should be tested in studies
that actually measure the effectiveness of the proposed intervention in
reducing mortality.

7.  There is a need for more long-term studies that include
regularcollection of vital statistics and routine surveys of service
utilizationand quality of care. These studies require long-term
commitments of funds and personnel. However, their potential is apparent
from the number of important studies carried out in Senegal and The
Gambia. Without these study areas, we would know much less about such
diseases as measles and malaria, and the potential effect of interventions
to combat them. We need similar types of study areas in other parts of
Africa.
Similarly, on-going data collection programs, such as the Demographic
and Health Survey program, should continue gathering information on
health services and conditions. These surveys can contribute to the
knowledge base of long-term health and population changes in sub-
Saharan Africa.

8.  Evaluation studies should include detailed measurement ofboth the
coverage and the promptness of services, as well as compliancewith
program protocols. We cannot adequately evaluate measurements of
mortality change associated with programs unless we also have data on
the program activities.

During the last 10 years there has been a great deal of attention paid to the
health needs of Africa. Many programs have been started or expanded, and many
new approaches have been tested in clinical trials and small study areas. Despite
this increased effort, we know very little about the effects of single interventions
in large-scale national programs or the overall effectiveness of integrated health
programs. There are also many parts of the continent where we know very little
about the effect of programs or even the efficacy of treatments. The need for
program evaluations will increase as the recommended combinations of
interventions become more elaborate. In particular, if we begin to consider adding
large-scale intervention against acute respiratory infections or vitamin A
supplementation to the existing vaccination and diarrhea control programs, it will
be increasingly difficult to evaluate programs without direct measurements of
their effect. As the size and the complexity of programs increase, so will the need
for more elaborate systems to evaluate and monitor their effectiveness, and to set
new priorities.

CONCLUSIONS AND RECOMMENDATIONS 153

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

 to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

,
an

d 
so

m
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Effects of Health Programs on Child Mortality in Sub-Saharan Africa 
http://www.nap.edu/catalog/2208.html

http://www.nap.edu/catalog/2208.html


CONCLUSIONS AND RECOMMENDATIONS 154

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

 to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

,
an

d 
so

m
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Effects of Health Programs on Child Mortality in Sub-Saharan Africa 
http://www.nap.edu/catalog/2208.html

http://www.nap.edu/catalog/2208.html


Appendix A

Case Studies of Child Mortality

Data from national systems of vital statistics are incomplete and usually
unpublished. Therefore, we have to rely on specific population-based surveys, a
special analysis of vital registration data for small areas, or hospital records to
estimate the structure of the causes of death among infants and children in sub-
Saharan Africa.

This appendix includes summaries of 9 case studies that provide some data
on the causes of death among infants and children. These studies are of very
uneven quality and differ in the amount of details they provide. The data are
drawn from three types of sources: vital statistics, hospital records, and
population surveillance systems. Each of these sources has its limitations. Vital
registration systems may record a large number of deaths, but if deaths are
unattended or not certified by a physician, the reported cause of death may well
be incorrect. Hospital data may be more accurate in determining the cause, but
they are subject to a selection bias. Population surveillance systems generally
have excellent coverage and consistent diagnosis of cause of death, but they are
based on small populations and generally limited to a few years. Their results
may therefore produce a good picture of a fairly small area and population, but it
may be difficult to make generalizations based upon their findings. Where it is
possible, these results also include the percentages of death attributed to other and
undetermined causes.
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SIERRA LEONE (WESTERN AREA)

Infant and child mortality in Sierra Leone is among the highest in the world,
with the infant mortality rate (IMR) between 1980 and 1985 estimated at 166 per
1,000 live births (United Nations, 1991). Kandeh (1986) conducted an analysis of
the causes of infant and childhood deaths in the Western Area of the country
where the main hospitals for mothers and children are located.

Of the 3,783 infant deaths recorded in the vital registration system of the
Western Area between 1969 and 1971, only 1,772 (47 percent) were medically
certified. Of these deaths, 33 percent (582) occurred during the first week of life,
27 percent (483) between the second and fourth weeks, and the remaining 40
percent (707) during the second through eleventh months. As shown in Table A-1,
neonatal mortality was dominated by tetanus (41 percent), which was also the
leading cause of death in infancy. This cause was followed by ''anoxic and
hypoxic conditions," which accounted for 18 percent of neonatal deaths. Both
conditions are closely associated with poor care of the delivery and of the
newborn child. Other important causes of neonatal death were pneumonia and
other acute respiratory infections (ARIs) (6 percent), birth infection (5 percent),
congenital anomaly (3 percent), and septicemia (1 percent). Postneonatal
mortality was due primarily to pneumonia (30 percent) and other ARIs (5
percent), diarrhea (21 percent), measles (9 percent), and malaria (6 percent).
Malnutrition per se was not coded, but may be included among avitaminosis (3
percent) and anemia (4 percent), although this last category probably reflects
malaria mortality as well.

Medically certified deaths of children between ages 1 and 4 years were
attributed to measles (22 percent), pneumonia (22 percent), diarrhea (13 percent),
avitaminosis (10 percent), anemia (10 percent), malaria (4 percent), tuberculosis
(3 percent), meningitis (2 percent), accidents (1 percent), dysentery (1 percent),
and other causes (10 percent).

This study covered a large population and included both an urban and a
rural area. The results are similar to other studies (see Table 2-3 for comparison).
However, a few features limit the comparability with other studies: Severe
malnutrition was not coded as a cause of death; pertussis was either neglected or
included in the "other ARI" category; malaria played a smaller role than
elsewhere, which may be due to reporting biases or to the local environment;
diarrhea seemed to have been underestimated; and some categories were
unconventional (such as anoxic and hypoxic conditions).
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MACHAKOS, KENYA

The Machakos area of Kenya (1975-1978) had a much lower mortality rate
than other areas of Africa, which may imply a different cause-of-death structure.
Data were collected in this rural area between 1975 and 1978. Omondi-Odhiambo
et al. (1990) report that in the neonatal period, after asphyxia and prematurity,
which accounted for almost half of the deaths, the leading cause of death was
ARI, which was associated with 18 percent. The cause of 15 percent of the
neonatal deaths was unknown. During the postneonatal period, the leading causes
were intestinal infections and pneumonia (40 and 28 percent, respectively),
followed by measles (14 percent). Only 7 percent were reported as unknown
cause. Among children ages 1 to 4 years, measles was responsible for 32 percent
of all deaths. Nutritional deficiencies were the cause of 17 percent of all child
deaths. Pneumonia and diarrhea were listed as causing 13 and 14 percent of
deaths, respectively. Pneumonia and diarrhea were more important among infants
than among children aged 1-4 years, whereas measles and malnutrition were
more often the causes of death of children; 4 percent were of unknown cause.

NATIONAL ESTIMATES FOR KENYA

Ewbank et al. (1986) used data from 1976 to 1987 on hospital inpatient
deaths, registered deaths by district, and results of available epidemiologic data
(including the Machakos study) to estimate the cause-of-death structure for
Kenya. They attempted to adjust for the selectivity of hospital deaths and for the
fact that both the coverage of registered deaths and the distribution of deaths by
cause differ among districts.

Their estimates of the number of deaths by cause for children under age five
are given in Table A-2. In addition, they estimated that there were about 10,900
deaths at all ages due to malaria. Because a large proportion

TABLE A-2 Under-5 Cause-of-Death Structure of Kenya

Cause of Death Estimated Number of Deaths Percent

Respiratory 26,600 50.0

Measles 14,600 27.5

Diarrhea 9,300 17.5

Neonatal tetanus 2,200 4.2

Pertussis 400 0.8

Total 53,100 100.0

SOURCE: Ewbank et al. (1986).
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of malaria deaths occur to children under age 5, malaria would rank about fourth
on this list.

DAKAR AND SAINT-LOUIS, SENEGAL

Cantrelle et al. (1986) studied vital registration data from the cities of Dakar
and Saint-Louis, between 1973 and 1980. The quality of the data on causes of
death was to a large extent determined by the place of death. When the death
occurred in a health unit, as was the case for 68 percent of the deaths in Dakar
and 58 percent in Saint-Louis, the cause of death was more precise because it was
generally established by a physician. When the death occurred at home, a public
official was left to determine the cause.

In Dakar, congenital disorders and perinatal diseases were the cause of 25
percent of all infant deaths; in Saint-Louis, these causes were responsible for 33
percent of all infant deaths. The percentages varied over the eight-year period,
with a range of 19 to 30 percent observed in Dakar and 23 to 48 percent in Saint-
Louis. In Dakar, the second leading cause of infant mortality was diarrhea,
accounting for 11.6 percent of deaths. In Saint-Louis, malnutrition and
dehydration (combined into one category) were listed as the second leading cause
of infant death, with 17 percent. Measles was the third leading cause in both
cities, accounting for 10 percent in Dakar and 7 percent in Saint-Louis. Of infant
deaths in Dakar, 6 percent were attributed to malnutrition and dehydration,
followed by bronchopulmonary disorders (6 percent). Diarrhea, the fourth leading
cause of infant mortality in Saint-Louis, was responsible for 5 percent of the
deaths, followed by bronchopulmonary disorders (5 percent). The remaining
deaths were attributable to other causes or could not be determined.

For children, the leading cause of deaths in both cities was measles. In
Dakar, measles was listed as the cause of 28 percent of the deaths, whereas in
Saint-Louis, it was responsible for 21 percent. Diarrheal and intestinal diseases
were the second leading cause of death in Dakar (12 percent), and the third major
cause in Saint-Louis (10 percent). Malnutrition and dehydration were the second
major cause of child death in Saint-Louis, accounting for 18 percent. Malaria was
also a major cause of death in Saint-Louis, with 9 percent, whereas in Dakar, it
was much less important, with only 2 percent. On the other hand,
bronchopulmonary disorders accounted for 9 percent of the child deaths in
Dakar, but only 4 percent in Saint-Louis.

Cantrelle et al. (1986) pointed out that ecological conditions should be
considered when examining trends. A major drought in Saint-Louis in 1972 and
1973 probably reduced food production, thus contributing to the high percentage
of deaths from malnutrition and dehydration. Moreover, heavy rainfall in Saint-
Louis during 1975 corresponded to an increase in deaths from malaria, a cause
that was relatively unimportant in Dakar. With respect
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to infant mortality, they indicated that with the exception of measles, other major
causes of death were often associated with the consequences of low rainfall and
drought, such as low crop production and reduced purchasing power.

NIAKHAR, SENEGAL

Garenne and Fontaine (1990) analyzed 808 verbal autopsies recorded by a
demographic surveillance system in Niakhar, a rural area of Senegal. All deaths
of all ages occurring in 30 villages were studied by using a comprehensive
questionnaire. Results for children below age 5 for the years 1983-1989 are
shown in Table A-3 (M. Garenne, personal communication, 1992).

Two causes accounted for more than half of all neonatal deaths: neonatal
tetanus and low birthweight. The few cases of malnutrition involved newborns
who were improperly nourished because their mothers died shortly after delivery.
For postneonatal mortality, diarrhea and acute respiratory infections accounted
for half of all deaths. Pertussis accounted for more deaths than measles, because
this disease strikes soon after birth, whereas cases of measles are extremely rare
before 4 months of age.

For children aged 1-4 years, diarrhea was still the most common cause of
death. Malaria and acute malnutrition were more important than ARI. Measles
preceded pertussis and cholera, which was very rare among infants. Hepatitis and
tuberculosis were probably underestimated, because of the less typical symptoms
that are harder to identify by using verbal autopsies. Deaths due to typhoid and
congenital syphilis were never diagnosed, but do exist in the study area.

In this study, malnutrition included acute malnutrition (kwashiorkor and
marasmus) and three cases of anemia, which may have been caused by malaria.
An independent study of risk factors showed that two-thirds of the deaths outside
the neonatal period were attributable to poor nutritional status. The diarrhea
category for postneonates included acute watery diarrhea (16 percent), persistent
diarrhea (12 percent), and dysentery (2 percent); and for children 1-4, acute
watery diarrhea (9 percent), persistent diarrhea (16 percent), and dysentery (3
percent).

BAMAKO, MALI

A study of the vital statistics collected between 1974 and 1985 in Bamako,
Mali, provides information on cause-of-death structure (Fargues and Nassour,
1988). Registration of deaths is virtually complete in Bamako because a death
certificate from the government is needed for burial. If death occurs in a hospital,
the cause of death is noted by the attending physician or
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nurse. However, for a death that occurs at home, the certificate may not
accurately reflect the true cause of death. Some causes of death such as measles
are easily recognizable to individuals reporting the death, but other causes such as
dehydration may be reported incorrectly as diarrhea. Similarly, many people are
aware of fever as a symptom of malaria and report deaths as being caused by
malaria when a high fever is present.

The leading causes of infant mortality were conditions related to the
perinatal period (prematurity), which accounted for 24 percent of the deaths.
Following that, 12 percent were attributed to malaria, whereas measles was
responsible for 10 percent. The fourth leading cause was intestinal infection,
accounting for 9 percent. The other major causes of death were meningitis (4
percent), malnutrition (4 percent), dehydration (4 percent), and pneumonia (3
percent). The remaining causes of death either accounted for less than 1 percent
of the total, and approximately 28 percent were classified as "other."

Among children of ages 1 to 5, measles was reported as the cause of 34
percent of deaths, followed by malaria with 16 percent. In this group, 12 percent
was attributed to malnutrition, whereas intestinal infection accounted for 8
percent. Pneumonia and dehydration each accounted for 3 percent of the deaths;
anemia and meningitis, 1 percent each. Approximately 20 percent of deaths to
children ages 1 to 5 years were attributed to other causes.

MALUMFASHI, NIGERIA

Data collected by Tomkins et al. (1991) between 1977 and 1978 in the
Malumfashi area of Nigeria yielded basic cause of death information. During this
period, 111 infants died, resulting in an infant mortality rate of 88 deaths per
1,000 live births. Among these infants, 12 percent were reported to have died of
measles, 23 percent of pyrexia, and 13 percent of diarrhea. Among children ages 1
to 4, a similar pattern was observed. With a child mortality rate of 34 deaths per
1,000 (137 deaths), 12 percent of the deaths were ascribed to measles, 24 percent
to pyrexia, and 17 percent to diarrhea.

FOUR PROVINCES OF SUDAN

Verbal autopsies provide information on the deaths of infants and children in
a study in Greater Khartoum and the Blue Nile, Kassala, and Kordofan provinces
of the Sudan between 1974 and 1976 (Sudanese Ministry of Health and World
Health Organization, 1981). It appears that infant mortality was probably
underreported. Among infants, 48 percent of the deaths were attributed to
diarrhea and 12 percent to fevers. Measles was responsible for 11 percent of
infant deaths, followed by pneumonia (9 percent), malaria (5 percent), and
asphyxia (4 percent). The remaining 11 percent of deaths
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were attributed to other and undetermined causes. The leading causes of death
among children were diarrhea (46 percent), measles (18 percent), malaria (7
percent), pneumonia (6 percent), and fever (6 percent); 18 percent were attributed
to other and undetermined causes.

KASONGO, ZAIRE

The Kasongo study was conducted in Zaire between 1974 and 1977 (van
Lerberghe, 1989). The survey gathered information on 229 deaths of children
under age 5, and deaths were classified into five groups: rash, respiratory disease,
diarrheal disease, other diseases, and unknown. Those classified as rashes were
attributed to measles if the child had a rash that started less than 30 days before
the death. Respiratory deaths included those in which the mother attributed the
death to a respiratory illness (cough, dyspnea, or whooping cough), dyspnea or
cough were reported at death, or respiratory illness was reported between the
preceding visit and death. Deaths were ascribed to diarrhea when they were
attributed to diarrhea by the mother or when there was mention of diarrhea at
death if there was no association with rash, respiratory illness, or any other
specific cause of death.

Among the deaths of infants under 5 months of age, 40 percent were of
unknown origin and 30 percent were classified as "other" causes. Respiratory
illnesses were the leading identifiable cause, representing about 20 percent of all
deaths. Diarrhea was reported as the cause of about 7 percent, and rash about 3
percent.

Among older children, rash (measles) was the leading cause of death:
approximately 45 percent of the deaths among children 6 to 11 months, and 75
percent among children 12 to 17 months. In the groups aged 18 to 59 months,
rashes were the largest single cause, ranging from about 60 to 35 percent,
respectively. Respiratory illnesses and diarrhea each caused about 20 percent of
the deaths among infants between 6 and 11 months, and only about 5 percent each
in the age group 12 to 17 months. Diarrheal diseases accounted for about 10
percent of the deaths between ages 18 and 47 months, but were not cited as the
cause of death in the group aged 48 to 59 months. Respiratory illnesses were
reported to be the cause of about 20 percent of the deaths among children 24-35
months and 48-59 months. However, respiratory illnesses were not listed as the
cause of any deaths among children 36-47 months. Among children 6 to 59
months, unknown causes of death ranged from approximately 2 to 15 percent of
the total of registered deaths.
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Appendix B

Demographic and Health Survey (DHS)
Reports

The following references are included in citations of DHS reports:
Agounké, A., M. Assogba, and K. Anipah1989 Enquête Démographique et de Santé au Togo 1988.

Lomé, Togo: Unité de Recherche Démographique, Direction de la Statistique, Direction
Générale de la Santé; Columbia, Md.: Institute for Resource Development/Macro Systems,
Inc.

Chieh-Johnson, D., A.R. Cross, A.A. Way, and J.M. Sullivan1988 Liberia Demographic and Health
Survey 1986. Monrovia, Liberia: Bureau of Statistics, Ministry of Planning and Economic
Affairs; Columbia, Md.: Institute for Resource Development/Westinghouse.

Ghanaian Statistical Service and Institute for Resource Development1989 Ghana Demographic and
Health Survey 1988. Accra, Ghana: Ghana Statistical Services; Columbia, Md.: Institute for
Resource Development/Macro Systems, Inc.

Kaijuka, E.M., E.Z.A. Kaija, A.R. Cross, and E. Loaiza1989 Uganda Demographic and Health
Survey 1988/1989. Entebbe, Uganda: Ministry of Health; Columbia, Md.: Institute for
Resource Development/Macro Systems, Inc.

Kenyan National Council for Population and Development and Institute for Resource
Development1989 Kenya Demographic and Health Survey 1989. Nairobi, Kenya: National
Council for Population and Development; Columbia, Md.: Institute for Resource
Development/Macro Systems, Inc.

Lesetedi, L.T., G.D. Mompati, P. Khulumani, G.N. Lesetedi, N. Rutenberg1989 Botswana Family
Health Survey II. Gaborone, Botswana: Central Statistics Office (Ministry of Finance and
Development Planning) and Family Health Division
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