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EXECUTIVE SUMMARY 

GENERAL 

This report reviews the methodology for measuring the burden of illness frorn a disease and 
translating that burden into an economic impact. The economic consequences of disease are described 
in terms of the direct costs for treatment and the indirect costs of productivity lost due to morbidity 
and mortality according to the theory of human capital. Public good benefits, such as the effects of 
new lands liberated from disease or psychological benefits of reduced prevalence of illness, while 
important, are typically not included because they are difficult to measure. Standard measrliements 
of productivity are based on the formal labor market. However, methodology for expanding the 
framework for measuring production to include; total household dynamics is under development. 

A!ternatives to the human capital theory approach to valuation are based on consumer demand. 
In one method, people are asked what they vvould be willing to pay for health improvement; in 
another method, financial allocations are ana1:yzed to determine what people have in fact paid for 
health improvement. These approaches have not been applied in developing countries. Some 
problems with these alternatives are the wide variation in values and the philosophical objection to 
encourage decisions regarding health care based on one's ability to pay. 

Debates about value judgments are inherent in the process of placing an economic value on 
the effects of disease. Whatever methodclogy is used, there is a need for a balance among three 
generations: the young who will provide future production; the working age who provide support for 
themselves, for the development of the future generation, and for the older dependents; and finally 
the non-working older generation. Economic principles can elucidate the problems, but economic 
principles alone cannot resoive the issues. 

DISEASES 

Malaria, HIVIAIDS, onchocerciasis and dracunculiasis (guinea worm disease) are selected 
because of their programmatic importance to USAID'S Africa Bureau. Schistosomi;?sis is included 
for methodological reasons because studies on schistosomiasis were among the first to systematically 
examine the effect of disease on productivity. For each of these five diseases, a number of sentinel 
studies are selected to represent the state-of-the-art in the evaluation of economic impact. It should 
be cleai that not all important health problems in Africa are addressed. Notably absent are 
tuberculosis and injuries, which are coming to be recognized as major health problems of adult 
populations in developing countries. 

Malaria is a major economic burden in African populati~ns; indirect costs contribute 
substantially to this burden. Four studies place a monetary \;due on a case of malaria; the monetary 
value ranges from $5.96 in Solenzo District, Burkina Faso to $12.80 in Mayo-Kebbi District, Chad. 
One study leaves the indirect cost of malaria in terms of a non-monetary value, healthy days of life 
lost; that study found that malaria accounted for 10.2% of healthy days of life lost in Ghana 
(corresponding to 32,567 healthy days lost to malaria per 1000 people per year). However, a study 
!ooking directly at the effects of malaria on agricultural production found no significant effect. 

The impact of HIVIAIDS on African economies is staggering. The direct lifetime cost of 
caring for a person with AIDS ranges from $104 to $1,585; the ratio of the direct cost to per capita 
GDP ranges from 1.2 to 3.3. The indirect cost of the loss of productive lives is even greater; the ratio 
of the indirect cost to per capita GDP ranges from 10.5 to 21.3. Macroeconomic effects are likely 
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to te seen in the inability to replace skilled and educated workers and on key exports such as 
agriculture. 

The savannah strain of onchocerciasis has been a major burden in West Africa. In Burkina 
Faso alone, over the period froll,l 1975 to 1982, the interruption of tr,msmission by the O~chocerciasis 
Control Programme prevented 2,701 cases of blindness and 23,409 person-years of disability caused 
by blindness. Premature mortality associated with the disease, although not directly caused by the 
disease, was also substantially reduced (OCP added 37,364 person-years lived). However, a study of 
the forsst strain of onchocerciasis in Liberia found no short-term effect of ivermectin treatment on 
nun-blinding sequelae of infection. 

Dracunculiasis generates a significant econon~ic burden in rural iueas where it is endemic. 
As many as 18% of infected people may be so disabled that they cannot leave their family compound. 
A successful eradication program in a village in Nigeria demonstrated that the disease was preventing 
economic growth -- trading opportunities, new construction, new school, and increased school 
enrollment. 

Schistosomiasis in a workforce generates no: only direct costs for treatment, but also indirect 
costs that may be as much as 10% of production, except for a few patients with severe clinical 
symptoms. However, productivity losses may be underestimated from a public health standpoint 
because studies of workers on plantations necessarily exclude those unable to work at all. 

COMPARABILITY PROBLEMS 

It is difficult to compare the economic impact of disease from different studies when they use 
different levels of analysis, e.g., macro or household. For diseases of programmatic importance, great 
priority should be attached to providirrg data for the same level across diseases. The most important 
gap at the present. time is the lack of HIVIAIDS data at the household level. Studies of the impact 
of AIDS on villages and businesses are also needed. 

Problems of comparability arise from using different types of  source.^, e.g., hous; bold surveys 
or company records. Even studies using the same type of source may be difficult to compare because 
of technical differences. For example, nousehold surveys in different studies may have totally 
different sampling schemes or questionnaires. 

The fact that different studies include different specific benefits also makes comparisons 
difficult, but sometimes these differences are inherent in the diseases under study. Among adults, for 
example, malaria, dracunculiasis and scI.ristosomiasis are mainly problems of morbidity. while 
HIV/AIDS and onchocerciasis generate considerable morbidity and mortality. 

The goal of finding a common scale on which to measure economic impact is elusive. The 
value of even a tangible product, like sugar cane or rubber, depends on market forces inside and 
outside the country. The estimation of productivity is more complex when there is no tangible 
product in the marketplace. 

EEALTHY LIFE YEARS LOST 

The usagt: of healthy life years lost (or healthy days of life lost) to compare diseases in the 
Ghana Health Assessment Project represents one workable compromise for estimating economic 
impact. The data requirements for using healthy life years are: (1) annual incidence; (2) case-fatality 
rate; (3) average ages at onset and death from disease and the expectations of life at these ages; and 
(4) the extent and duration of disability caused by the disease and a case-disability rate analogous to 
a case-fatality rate. 
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DISCOUNTEL) PRODUCTIVE YEARS OF L I W  LOST 

Healthy life years lost are becoming widely used to meawe impact, but not without some 
modification. In general, the number of healthy life years depends on age. Accordingly, if not 
weighted, children have larger expected life years. Productivity weights are assigned so that. adults 
are weighted more than children. Time preference for a healthy day of life today over a healthy day 
of life in the future is also incorporated with a discount rate typically between 3% and 10% per 
annum. The result is called discounted productive years (days) of iife lost. 

As stated earlier, there is a need for a bn1;mce among different ger~erar'ions: the young who 
will produce in the future; the working-age adults who are curreniiy producing; mi thc non-working 
adults who produced in the past. From this perspective, productivity weighting s~hemes are designed 
to provide a social adjustment for the inter-intra-generational implication : I E  the concept of healthy 
life ycars. Indeed, there is no optimal resolution of such issues. 

The weighting schemes can have a dramatic effect. For example, if the disease burdens 
caused by sexually transmitted diseases in Africari cities are ranked togetlizr with the diseases reported 
in the Ghana Health Assessment Project, the results depend on the weighti,\& scheme. Using 
discounted healthy life days lost per ca?ita, rneas:es ranks fist and HIV/k\ICS rank:; st;colid; using 
discounted productive healthy life days lost per capita, HIVIAIDS ranks f i s t  azzd measles rank? 
second (because the productivity weights make the effect on adults relatively mors important). 

However, although estimation of discounted productive years of life lost is a useful method 
of comparing the burden of diseases, it does not directly attach a monetary value to disease burden. 
In order to obtain a monetary measure of lost productivity, a common practice is to multiply 
discounted productive yeais of life lost by an estimate of average annual income. Unfortunately, the 
result is a very crude measure of productivity that is difficult to defend. Household level analyses 
which incorporate roles and activities such as market production, home production and social roles 
would contribute to the understanding of how households cope with disability of its members; such 
anaiyses would have support from an expanded framework for measuring production that is the 
subject of active research. 

COST-BENEFIT AND COST-EFFECTIVENESS 

Policy makers and health planners need to know more than the economic impact of disease. 
An analysis of economic impact is designed to identify priorities among health problems only as a 
first step toward obtaining resources for a more refined analysis of resource allocation for specific 
interventions and subsequent program evaluation. The essence of the problem is that economic 
impact studies provide a total, or average per capita, cost of disease, while intervention decisions are 
made at the margin, i.e., the effect of additional resources on reducing the burden of disease. 

Cost-benefit analysis asks if a particular intervention is worth doing. The analysis requires 
that a monetary value be placed on both the resource costs and the output consequences of the 
program. Cost-benefit analysis is analogous to economic impact studies that place a monetary value 
on health outcomes. 

Cost-effectiveness analysis asks what intervention will achieve the desired health objective 
at the lowest cost. Cost-effectiveness analysis is analogous to economic impact studies with non- 
monetary valuation, such as healthy life years lost. Cost-effectiveness is a necessary step in 
developing a cost-benefit analysis. However, it can only be used as a project evaluative tool when 
the outcome(s) is standardized. 

Cost-effectiveness for health programs in developing countries is frequently measured in terms 
of dollar cost per disco~~nted healthy life year gained. In developed countries, the analogous measure 
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is cost per quality-adjusted life year gained. 

CONCLUDING REMARKS 

While estimates of the economic impact of disease can be quite useful, they can also presenl 
an incomplete picture if the dynarnics of disease are ignored. Other things being equal, a disease 
whose incidence is increasing should be a greater priority than a disease whose incidence is stable 
or decreasing. For example, malaria and AIDS in Africa deserve a high priority not only because of 
their estimated burdens but also because of their rising incidences. 

The dynamics of disease may also interact directly with the dynamics of development. 
Throughout this report, the goal of disease control has been to remove impediments to economic 
growth, and yet, the development process itself can generate adverse health consequences. If adverse 
changes can be anticipated, then proper planning may prevent harmful side-effects of development 
projects. It is obviously preferable to prevent the occurrence of a disease than to have to assess the 
burden of a disease after it has become widespread. 

Finally, many value the improvement of health not only as a means to economic developmeilt, 
but also as a goal of economic development. In establishing priorities for disease control, it would 
be wise to bear in mind the larger context of issues in economic development. 

RECOMMENDATIONS 

METHODOLOGIES 

Discounted productive years of life lost should be used in studies of the impact of 
disease and cost-effectiveness of interventions because it incorporates effects of 
morbidity and mortality in one measure. However, applications of this measure must 
make explicit the assumptions regarding health, productivity weights and time 
preference (in that a healthy day of life in the present is more valuable than one in 
the future). 

Productivity weights, at best, provide the basis for estimating cost and benefit at the 
household level. They do not provide a basis for examining the dynamics within the 
household, e.g., how a healthylunhealthy member affects the health status of other 
members of the household or the community. Household level analyses which 
incorporate roles and activities such as market produrtion, home production and social 
roles wodd contribute to the understanding of how households cope with disability 
of its members. This information, although costly ant! prone to measurement error, 
is acutely needed for HIVIAIDS. 

DATA REQUIREMENTS 

Future research should errlnhasize the development of standard data sources and units 
of measure for comparing the economic impact of disease and the economic benefits 
of disease control programs. This may include the establishment of new data 
collection systems. Such systems should be sensitive to the life cycle nature of the 
"discounted productive years of life lost" methodology, i.e., indicate the importance 
of the inter-generational flow of resources to health promotion. 
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INTRODUCTION 

Health policy debates are increasingly appealing to economists for justification of support 
of disease control programs in the developing world (e.g., Jamison and Mosley, 1991). An 
important component of such debates is an estimate of the burden of illness generated by i~ 

disease. The removal of that burden represents the potential benefit to be gained by eliminating 
that disease. The purpose of this report is to review the methodology for measuring the burden 
of illness and translating the burden into an economic impact. The emphasis throughout will be 
on malaria, HIVIAIDS, onchocerciasis and dracunculiasis because these diseases are of 
programmatic importance to USAID's Africa Bureau. Studies of schistosomiasis are also 
presented because they are some of the earliest attempts to demonstrate the effects of disease om 
productivity. 

The scope of this report is necessarily limited because the links between economics and 
disease control are varied and complex. An analysis of economic impact is designed to identify 
priorities among health problems only as a first step towarcl obtaining resources for a more 
refined analysis of resource allocation for specific interventions and subsequent program 
evaluation (Prost and Jancloes, 1992); these later stages in the process of health policy 
development are properly studies in themselves. Not all important health problems in Africa are 
addressed. Notably absent are tuberculosis and injuries, which are coming to be recognized as 
major health problems of adult populations in developing countries (Bloom and Murray, 1992; 
Smith and Barss, 1991). 

The economic consequences of disease will be described in terms of the cost of medical 
treatment, including hospitalization and drugs, and the cost of morbidity and mortality due to the 
illness. These two components of cost will be termed direct costs and indirect costs, respectively, 
follcwing widely used conventions (e.g., Over and Kutzin, 1990); however, it should be mted 
that this terminology is not uni.;ersally accepted. Before the specific details of these costs are 
given, a conceptual framework for assignment of these costs is presented. 

The direct cost of a disease includes the cost of hospitalization and drugs and any other 
cc:sl.:* connected with the treatment program. An essential principle of economics is that cost 
means opportunity cost which is "the benefit foregone in the best alternative use of lesources" 
(Mooney and Creese, 1992). Unfortunately, nominal costs do not always reflect opportunity 
costs. Such market distortions, which are not unc3mmon in the health care sector, complicate 
the assignment of costs. Another important principie is that the costs should include all costs 
incurred by the public sector and the private sector. However, these costs should not include 
payments of health benefits or pensions because they are considered to be transfer payments from 
the working population to others. 

The indirect cost of the morbidity and mortality experienced due to disease is the loss of 
productivity, according to the human capital approach. This approach assumes that the objective 
of improving health is to increase individuals' output, so that productivity is the basis for 
assigning monetary values to good health. Productivity losses caused by a disease include time 
away from work due to morbidity, loss in productivity at work due to morbidity and loss of a 
lifetime of productivity due to prematare mortality. Unfortunately, this method does not 
explicitly recognize problems of inter-gonerutional equity; ilo value is given to the young, who 
will provide future production, or to the ncrl-working older generation, who have produced in the 
past. 
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In order to impleme.nt the human capital approach, the simplest way to measure the 
productive value of an individual is as gross labor costs of employment or even just the earnings. 
These measures are relateld directly to the ~nacroeconomic variable called gross national product. 
However, this method of assigning productive value is Bawcd. No weight is attached to 
productive indiv'~?uals who are employed outside the formal labor market (e.g., housewives). 
Since males on average earn more than females, the health of female workers would be 
automatisally valued less than the health of male workers. Also, control of a disease that 
disproportionately affects lower-income people would be given lower priority than control of a 
disease affecting upper-income people (assuming equal numbers infected). Income or gross labor 
costs do not capture the total value of an employee's output. 

A broader theoretical framework has been proposed for examining the economic 
consequences of tropical diseases in the context of total household dynamics (Popkin, 1982). 
Market production, household production, and social interactions may be affected by disease, and 
the model assumes that there is interchangeability between these dimensions. Popkin suggests 
this framework is more appropriate for assessing the economic impact of disease based on the 
following observations: 

(1) Changes in health statcs may not affect ma.~ket production because an 
individual may alter home yoduction and leisure to compensate for health 
changes. 

(2) An individual's health status change may not affect market production 
because of intrahor~sehold substitutions. 

(3) Seasonality of mwket and home production activities may mediate the 
effects of chznges in health status. 

(4) Certain household outputs are not readily measured, but are important 
indicators of quality of home production, such as child development, 
learning, and leisure activities. 

(5)  Social activities, for example participation in mother's clubs, imgation 
associations, and churches may have important long-run economic effects. 

(6) Interactions between household and community-level social structures 
should be considered, for example: caste and social restrictions, class 
relationships, political structures, and labor markets which affect the access 
of individual households to the means of production and jobs at certain 
wage levels. 

This broader theoretical framework is gaining acceptance among researchers and policy 
makers who want to better understand and manage health and development. It is clearly 
recognized that the examination of adult ill-health in tke developing world involves more than 
reduced productivity of the ill adult and the medical cost of treatment. If the ill person dies, not 
only is his or her productive output lost completely, but the health of the surviving household 
members may suffer. Less obvious but also significant are the coping processes of the ill adult, 
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family, friends, employer and co-workers that attempt to reduce the effect of illness (Over et. al., 
1992). 

A totalJj different approlch to valuing health is based on people's own willingness to pay 
for reductions in the risk of death, injury or illness. People's own perceptions of needs may 
differ considerably from an epidemiologist's assessment of priorities (Prost and Jancloes, 1992, 
p. 6). This issue is particularly critical in discussing specific health interventions because public 
support is necessary for sustainability of programs in the long run (Dunlop, 1984, p. 1036). In 
the implementation of this method, potential victims are asked what they are willing to pay for 
reducing their probability of illness, disability, or death by a specific arnount (e.g. risk of death 
from 3/10,000 to 2/10,000). It should be noted that values abtained with this method are usually 
much larger than those based on the human capital apprmch (Mooney and Creese, 1992, p.27). 
Serious problems with this approach are the wide range of values derived for health programs 
and the prospect that this mcthod would encourage decisions regarding health care based on one's 
ability to pay. 

Another approach based on implied values is similar to the willingness-to-pay method, but 
assumes that the value to individuals of improved health is a function of what is actually paid 
for a specific outcome. Sources of data include judicial awards to compensate for loss of life 
and financial allocations by popularly elected officials to reduce risks of death (Dunlop, 1984, 
p. 1036). For example, "...if a decision is made, at the margin, to spend 1 million dollars to save 
a life, then by implication the value of that life must be at least 1 million dollars otherwise the 
investment would not be made" (Mooney and Creese, 1992, p. 28). Although this method sounds 
easy to apply, preliminary experience shows that it generates a wide range of values. As with 
willingness-to-pay, it could be either an advantage or 3 disadvantage that the values reflect those 
of the existing social structure-- an advantage if one accepts the structure and a disadvantage if 
one perceives the structure to be full of inequities. 

An important category of benefit not usually included in empirical studies of disease 
control is the public good which affects the entire population. This category is especially 
appropriate when a disease is eradicated (Dunlop, 1984, y. 1032). New lands may be open to 
migration and settlement. Those never infected with the disease may still benefit psychologically 
from knowing a risk has been eliminated. However, it is difficult to generalize about these 
benefits in a simple way because special features of the population, the land and the eradicated 
disease are critically important. For example, land freed of onchocerciasis in West Africa is not 
"free," but rather is subject to traditional patterns of ownership. 

Debates about value judgments are inherent in the process of placing an economic value 
on the effects of disease. Whatever methodology is used, there is a need for a balance among 
three generations: the young who will provide future production; the working age who provide 
support for themselves, for the development of the future generation, and for the older 
dependents; and finally the non-working older generation. Economic principles can elucidate the 
problems, but economic principles alone cannot resolve the issues. 

METHODOLOGY 

This review of the economic impact of infectious diseases includes the following diseases 
selected because of their programmatic importance to USAID's Africa Bureau: malaria, 
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IIIV/AIDS, onchocerciasis and dracunculiasis (guinea worm disease). Studies caC the economic 
impact of schistosomiasis are also included for methodological reasons since these were, 
historically, some of the earliest attempts to demonstrate the effects of disease on productivity. 
For each disease, certain papers were selected as sentinel studies to represent the state-of-the-art 
in impact evaluation and the references for these studies may be found in Table 1. 

This review of selected infectious diseases follows the same format as the evaluation of 
parasitic disease control programs by Dunlop (1984). Dunlop structured his discussion around 
the following processes: conceptualization and specification of benefits expected from a specific 
control measure; empirical measurement of the benefits identified; and finally, valuation of these 
benefits. However, this review differs from Dunlop's review in its concern for the economic 
impact of disease rather than the evaluation of a specific control ;'iategy. Consequently, the 
benefits in this review correspond to the burden of illness t k i  would be alleviated if the disease 
were climinated from the study population. Thus, the potential benefits of disease elimination 
are classified into direct costs and indirect costs of disease. The direcr costs represent the 
potential reductions in costs of treatment and the indirect costs represent the potential gains in 
productive output as defined in the introduction. 

In the next section, the analysis of the sentinel studies for each disease is structured around 
three kinds of tables. The first table defines the benefits identified by the authors of each study 
in terms of the components of direct costs or indirect costs or both. The second table lists the 
souires of data used in constructing measrlres of the benefits Identified in the first table. The 
third table shows how values were assigned to the benefits defined for each study. The 
discussion for each disease concludes with an overall synthesis of the major findings. 

A section discussing what comparisons can be made across diseases follows the section in 
which each disease is treated separately. The comparative revlew summarizes the methodological 
details according to the level of analysis (national, firm, community or household), the benefits 
included (components of direct costs and indirect costs), and the types of data sources. As a 
shorthand, studies are referred to by the numbers assigned in Table 1. The Ghana Health 
Assessment Project (Nimo et al., 1981) is singled out as a case study in comparing the impacts 
of different diseases. The project's use of healthy life years lost as a measure of compay.itive 
impact has often been a starting point for analyses by others, although this methodology has also 
been the subject of contrciversy. The comparative review section explains the issues surrounding 
the use of healthy life years lost as a measure of impact and concludes with a discussion relating 
the analysis of economic impact to cost-benefit and cost-effectiveness studies. 

ECONOMIC IMPACT OF SELECTED DISEASES 

Malaria 

The six studies of the economic impact of malaria listed in Table 1 are reviewed -- the first 
four studies wcre recently prepared by USAID's Vector Biology and Control Project (VBC) in 
an effort to provide a comprehensive a~ialysis of the economic impact of malaria in Africa based 
on available information. The other two studies represent important methodologies for estimates 
of the impact of malaria in Africa on productivity. The four VBC studies of malaria identify 
both reduced treatment costs and gains in productivity as potential benefits of malaria control, 
while the other two address only the gains in productivity. 

4 Economic Impact 



TABLE 1: SOURCES OF SENTINEL STUDIES 

MALARIA 

1 Rwanda (Ettling and Shepard, 1991) 
2 Burkina Faso 

Solenzo District (Sauerborn et al., 1991) 
3 Chad 

Mayo-Kebbi District (Shepard et al., 1991) 
4 Congo 

Brazzaville (capital ciQ) (Shepard et al., 1991) 
5 Ghana (Ghana Health Assessment Team; Nimo et al. 1981) 
6 Cameroons 

Mayo Danai (Audibert, 1986) 

1 Zaire and Tanzania (Over et al., 1988; Over and Kutzin, 1990) 
2 "Typical African Country" (Way and Over, 1992) 
3 "Central African Country" (Scitovsky and Over, 1988) 
4 Malawi (Forsythe, 1992: Draft Report) 
5 Kenya (Oot et at., 1992: Draft Report) 

1 Upper Volta (Burkina Faso) Onchocerciasis Control Programme 
(Prost and Prescott, 1984) 

2 Upper Volta (Burkina Faso) (Evans and Murray, 1987) 
3 Liberia (Clark, 1990) Liberian Agricultural Company 

1 Nigeria (Huttly, Blum et al. 1990) and (Smith et al., 1989) 
5 villages: Amata, Amena, Amenu, Amankanu, Umurngbala 
Irno State (Irno State Drinking Water SupplylSanitation Project) 

2 Nigeria (Watts, Brieger, and Yacoob 1989) 
ldere Town, Oyo State; Asa and Moro, Kwara State 

3 Nigeria (Brieger and Guyer, 1990) 
ldere Town, Oyo State 

4 Nigeria (Edungbola and Watts, 1990) 
lgbon Village, Oyo State 

5 Ghana (Belcher et al, 1975) Danfa Project 

1 Sudan (Collins, Brotherhood, at al., 1976) 
Guneid Township 

2 Tanzania (Foster, 1967) 
Arusha Chirri Estate, Tanganyika Planting Company 

3 Tanzania (Fenwick, 1972) 
Arusha Chini Estate, Tanganyika Planting Company 

4 Tanzania (Fenwick and Figenschou, 1972) 
Arusha Chini Estate, Tanganyika Planting Company 

5 World (Wright, 1972) 
Endemic Areas 

6 Brazil (Barbosa and Pereira Da Costa, 1981 ) 
Tiuma and Catende estates, State of Pernambuco 
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Table 2 provides the benefits inciuded in these six stdies in greater detail. In the VBC 
studies, reductions in treatment costs encompass cost of hospitalization, outpatient treatmcnt ut 
a health facility, and the cost of supplies and courses of drugs. Potential gains in protluctivity 
are measured in all the VBC studies as savings in adult productivity due to: reduced I ~ t l u l t  
morbidity, reduced child morbidity, and premature deaths averted. The fifth study, the Ghana 
Health Assessment Project, examines producsivity in  terms of the additional days of healthy life 
that would result from reduced morbidity and mortality, The sixth study focuses directly on 
agricultural output of rice-growers in the Cameroons (Audibert, 1986). Neither the fifth nor the 
sixth study develops monetary measures for the effect of malaria on productivity. 

Benefits to be gained through malaria contro! are measured based on numerous sources of 
data described in Table 3. In fact, the four VBC studies were designed to make use of a variety 
of sources. Direct cost estimates are based on Ministry of Health information for Rwanda, health 
services budgets and a district survey for Burkina Faso, a district survey for Chad, and a study 
of patterns in sub-Saharan Africa for Brazzaville, Congo. Estimates of malaria morbidity and 
mortality are based mainly on national records for the first, third and fifth studies 
(Rwanda, Chad and Ghs~a)  and on surveys for the second, fourth and sixth studies (Burkina 
Faso, Congo and Cameroons). Estimates of productivity are constructed from data on average 
incomes (Rwanda and Congo), from natior~al data on agricultural output (Burkina Faso) and from 
a special survey on the monetary value for time (Chad). An estimate of healthy life years lost 
for Ghana is derived from population census data, life tables and age-specific death rates, cause 
of death on death certificates, inpatient and outpatient statistics and special surveys. Agricultural 
output in the Camerooils is determined from household survey information and data from the 
company managing the a,gricultural production. 

Tile method of benefit valuation is summarized for each malaria study in Table 4. The 
direct treatment -osts per case of malaria are determined in a similar manner for the four VBC 
reports--nabonal level records of health care services use supplemented by surveys to determine 
household expenditures on drugs, service fees and travel. For the same four reports, the indirect 
costs per case of malaria are based on an estimate of daily productive output per adult. The daily 
productive output is based for Rwanda on average rural wages, for Burkina Faso on the marginal 
product of labor relating the market value of agricultural output to the amount of person-time 
needed to produce it, for Chad on the value of time and production found in a survey, and for 
the Congo on the average value of time for all adults in Brazzaville derived from special studies. 
The daily output is multiplied by estimated annual losses of adult time which are assumed to be 
the entire duration of adult (age 15 and over) illness and one-third of the duration of child 
(younger than age 15) illness. Future earnings losses due to child mortality are based on 
projections of life beyond the age of 15 years; the daily adult out~ut  is applied to the adult life 
projected subject to a discount rate. Similarly, a discounted productive life expectancy may be 
obtained to account for adult mortality from malaria. I-Iowever, these studies show no losses due 
to adult mortality from malaria except in Rwanda \I, here over half of the malaria deaths occurred 
in adults. Direct costs and indirect costs per case of malaria are transformed into costs per capita 
using the 1989 national population in Rwanda, the 1985 Solenzo District population in Burkina 
Faso, the 1987 Mayo-Kebbi District population in Chad and the 1984 Brazzaville population in 
the Congo. In contrast to the VBC studies, the Ghana study leaves results in terms of time lost 
and avoids assigning monetary values to rural production because of the theoretical difficulties 
in doing so. In Ghana, the results for each disease are expressed in terms of healthy days of life 
lost per 1600 people and the corresponding percentage of healthy days of life lost. The study 
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2 Sauerborn et al. 

3 Shepard et al. 

4 Shapard et al. 

5 Nimo et al. 
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TABLE 2: EENFFITS INCLUDED IN STLtDIES OF ECONOtAIC IMPACT OF DISEASES 

DiseaselStudy Year Country Benefits ;ncluded In Analysis 

MALARIA 

1 Ett l iq 8 Shepard 1991 Rwanda Reduced hospitalization costs 
Reduced costs ot treatment and supplies, courses of drugs 
Adult productivity saved from reducing adult morbidity 
Savings in adult productivity by reducing child morbidity 
Lifetitile earnings savivsd from averting premature mortality 
Reauced costs of care at health facilities 

1991 Burkina Faso Reduced costs of care a[ health facilities 
Reduced expanse to families of travel, drugs, supplies 
Adult productivity saved from reducing adult morbidity 
Savings in adult prodl~ctivity by reducing child morbidity 
Lifetime earnings saved from averting premature n sttality 

1991 Chad Reduced hospitalization costs 
Reduced costs of treatment and suppliss, courses of drugs 
Adutt productivity saved frcm reducing adult morbidity (100% lost per day of adult 
illness) 
Saings in adult productivity by reducing child morbidity (3O0I0 per day lost due to child 
iliness) 
Lifetime earnings saved from averting premature mortality 

1991 Congo Reduced hospitalization costs 
Reduced costs of treatment and supplies, courses of drugs 
Adult productivity saved from reducing adult morbidity (190% lost per day of adult 
i!lness) 
Savings in adult productiviq by ;educing child morbidity (3O0I0 per day lost due to child 
illness) 
Lifetime earnings saved from averting premature morta!ity 

1981 Ghana Healthy days of life saved through treatment of disease 
Healthy days of life saved by prevention of premature death 

1986 Cameroons Increased agricultural output with control of debilitating disease 
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TABLE 3: DATA SOURCES IN STUDIES OF ECONOMIC IMPACT OF DISEASES 

Year Country thasurement of Benafits in Analysis: Data Sources 

1991 Rwanda Ministry of Hesth records of droct cosls of treatment both within and outside facilities 
Malaria Case repohng system. by iype of haahh facility 
National ds!a on ~ r a l  wages 

2 Sauerborn et al. 1991 Burkina Faso Repressn'ative Household Survey (1985) of health service utilization, expenditures, and 
agricultural prodaction 
Budgets for health services 
Household suwsy data on rnahria cases and deaths 
Malaria seasonality fmm nationid death reporting system 
Burkina hlinistry of Agriculture data used to estimate annual output of agricuitural products 

3 Shepard et a]. 1991 Chad Number of mzlaria cases from national medical report'ng 
system (fever corresponds to clinical diagnosis of valaria) 
Adjustnierit of malaria cases for seasonality and aye 
based on distribution documc?!ed for Burkina Faso 
Case fataii i rates based on Q~mbisn rates 
Survey data provide expenditures c ; ~  treatment of malaria, and value of time and productivity. 

4 Shepard et al. 1991 Congo Populaticn and average income derived from published data 
Malaria epidemiological data based on special studies 
Costs of treatment estimated based on a sub-Saharan African pattern of heal:h expenditures 
(Vogel, 1988) 

5 Nimoetal. 1981 Ghana Population cencus, age-sp3ci5c death ratas and life tables 
Cause of death as recorded on death certificatas 
Inpatient and outpatient statistics 
Specia: surveys 

6 Audibert 1996 Cameroons Cameroons Survey of 150 kuseholds, 4 rounds of survey; epidemiological 
information, healtk status and work status 
Data on agricultural production from company 



TABLfi 4: VALUATION OF BENEFIT IN STUDIES OF ECONOMIC IMPllCT OF DISEASES 

DiseaselSiudy Year Country Valuation of Benefits in Analysis 

MALARIA 

1 Ettling & Shepard 1991 Rwanda Direct Costs 
Institutional costs from average cost per case per day 
Househo!d costs from drug purchase and traditional methods 
Indirect Casts 
Adult productivity per day from average rural wages 
Duration of adult illness and one-third duration of child illness (adult as caretaker) 
Productive aduit life lost from child and adult mortality 
Per capita for national popul&tion 
Total economic cost per case $1 1.82 ($2.58 direct) 
Total economic cost per capita $2.88 ($0.63 direct) 

2 Sauerborn 

3 Shepard et al. 

1991 Burkina F9.m Direct Costs 
Institutional costs from average cost of health tGie visit 
Household costs from drugs, s e ~ c e  fees and travel 
indirect Costs 
Adult prcductivity per day from marginal product of labor based on seasonal value 
of agricu!'ural output 
Duration of adult illness and one-third duration of child illness (adult as caretaker) 
Productive adult life lost from child mortality 
Per capita for Solenzo Distric: (rural) 
Total economic cost per case $5.96 ($1.35 direct) 
Total economic cost per capita $: .?5 ($0.26 direct) 

1991 Chad Direct Costs 
Institutional costs from average cost in health facility 
Household costs ;ZT werage treatment cost at home 
Indirect Costs 
Adult produaivity per day from time and production survey 
Duration of adult illness and one-third duration of child illness (adult as caretaker) 
Productive adult life lost from child mortality 
Per capita for Mayo-Kebbi District (rural) 
Total economic cost per case $11:.80 ($0.20 direct) 
Total economic cost per capita $0.60 ($0.01 direct) 



5 Nimo et al. 

6 Audibert 

1991 Congo Direct Cods 
Institutional costs from average cost in health facility 
Household costs from average treatment cost at home 
Indirect Costs 
Adult productivity per day from reported average value of time 
Duration of adult illness and one-third duration of child illness (adult as caretaker) 
Productive adult life lost from child mortali? 
Per capita for Brazzaville (urban) 
Total economic cost per case $8.77 ($3.23 direct) 
Total economic cost per capita $0.74 ($0.27 dirsi) 

1981 Ghana Indirect Cos?s 
Healthy days of life lost to illness, disability, and premature death 
Malaria accounts for 10.2% of healthy davs of life lost 
32,567 healthy days lost to malaria per 1000 people per year 

1986 Cameroons Indirect Costs 
Asscciation of agricultural output of all family members with malaria (look for 
negative) 
No effect of malaria found 

TABLE 4: VALUATION OF BENEFIT IN STUDIES OF ECONOMIC IMPACT OF DISEASES 

Disease/Study Year Country Valuation of Benefits In Analysis 

4 Shepard et .A. 



from the Cameroons n*,easures the relationship between rice paddy output and disease status. 
The major findings from these studies are that malaria is a major economic burden in 

African populations and that the indirect costs of malaria contribute substantially to this burden. 
In the study by the Ghana Health Assessment Project, malaria accounted for 10.2% of healthy 
days of life lost, the largest percentage for any single disease; this value corresponded to 32,567 
healthy days lost to malaria per 1000 people per year. In translating the impact of disease into 
a monetary measure of 1987 U.S. dollars, the four VBC studies find a total econornic cost per 
case of malaria ranging from $5.96 in Solenzo District, Burkina Faso to $12.80 in Mayo-Kebbi 
District, Chaci; the percentage of total cost due to indirect cost varies from a low of 64% in 
Brazzaville, Col;go to a high of 98% in Mayo-Kebbi District, Chad. 

I-Iowever, t h e  quantitative estimates of disease burden depend on many assumptions subject 
to criticism. One of the most troubling areas is the monetary valuation of adult time. Estimates 
of average monetciiy value of adult time for an entire sector of the population ignore the 
workings of labor markets and household production. The st~,rdy in Burkina Faso (Sauerborn et 
al, 1991) goes furthest in incorporating these details by estimating a marginal product cf !??or 
adjusted seasonally for different activities such as brewing millet beer and growing cotton. 
Seasonality is also critical in understanding why there wss no effect of malaria on rice-growing 
in the Cameroons; the study, which was designed to examine the effect of chronic diseases like 
schistosorniasis, measured disease status during the dry season for logistical reasons and missed 
episodes of malaria during the wet transmission season. 

A more subtle problem of interpretation arises from implicit  eights used in the aggregation 
of effects of disease on children and adults. The Ghana Health Assessment Project's measure 
of healthy life years lost puts great weight on life-lhreatening childhood diseases because a child 
has many more years left to live than an adult. It should not be surprising then that the diseases 
accounting for the greatest number of days of healthy life lost in the Ghana study are malaria, 
measles, childhood pneumonia, sickle cell disease and severe malnutrition. In the VBC studies, 
figures for total cost mask real differences in patterns. For example, the relatively high indirect 
cost of malaria in Mayo-Kebbi, Chad is due to high levels of child mortality while malaria 
mortality among adults makes a significant contribution to total cost in Rwanda. 

The five studies of HIVIAIDS listed in Table 1 are reviewed --. the first is an analysis of 
Tanzania and Zaire appearing in two papers, the second and third are analyses of theoretical 
constructs "Typical African Country" and "Central African Country", and the fourth and fifth are 
draft reports on Malawi and Kenya prepared by USAlD's AIDSTECH project. Four of these 
studies examine both treatment ccsts and productivity effects of the disease, while the study of 
.he "Central African country" reviews only the economic impact clf treatment cost. 

Table 5 provides the benefits included in these five studies ir mole detail. Redticed treatment 
cost of HIVIAIDS in health facilities is identified as a benefit in ~ n c h  of the five reports. The 
analysis of Tanzania and Zaire also notes the need for more in-depth studies to assess the cost 
of "crowding out" of other patients at health facilities due to the burden of 
HIV infection. Direct costs in the theoretical construct in the. second study include, in principle, 
total household costs such as funeral expenses, but, as yet, there are no data from household 
surveys on which to base such estimaics. 

Table 5 also characterizes potential gains in productivity in a variety of ways, The first 
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study recognizes as benefits discounted healthy years of life saved, productivity-weighted 
discounted healthy years of life saved, an.1 discounted lifetime earnings saved per case of 
HIVIAIDS prevented. The second study ex;\mines the increased growth of gross domestic 
product (GDP) in the absence of AIDS. The fourth and fifth studies look at productive years of 
life saved and discounted lifetime earnings saved per case of HIVIAIDS prevenicc!. These last 
two studies also note the impact that HIV infection may have in specific employment sectors, 
in both the modern and ir :lj:;mal small farming (ISF) sectors. 

Measurement of benefits in the studies of HIVIAIDS relies on sources of data described in 
Table 6. Estimates of the direct cost of AIDS focus on health care facilities. The study of 
Tanzania and Zaire uses data from health care facilities which treat AIDS patients to estimate the 
cost of treatment, including resources provided by the patient's family, the government and 
charitable organizations. High and low estimates cT the cost of care are presented to account for 
the tremendous variation in health care options available. The low estimate assumes the patient 
is restricted to the relatively low cost of urhan or rural "health zone" system, while the high 
estimate assumes the patient has access to private health care. The theoretical construct "Typical 
African Country" in the second study bases direct cost on figures from the first study relative to 
gross domestic product (GDP). The theoretical construct "Central African Country" in the third 
study also bases direct cost on figures from the first study. The report on Malawi bases its 
estimate of direct cost of care on a review of inpatient treatment costs for 28 AIDS patients. The 
review was conducted in 1989 at two central and two district level Malawian hospitals. The 
report on Kenya bases its estimate of direct cost of care on a survey of average daiiy costs at 
government, mission and private hospitals in Kenya. The average length of hospital stay for 
AIDS patients was determined by consensus of a meeting of a group of health care providers. 

Table 6 elss describes the data sources used in determining the indirect costs of AIDS in 
all studies except the third which only dealt with direct costs. A life table in the absence o i  
AIDS is used in the first, fourth and fifth studies in order to calculate the number of years of life 
lost due to AIDS. The same three studies also use national data on average annual income in 
order to transform years of life Iost into the potential earnings lost because of deaths due to 
AIDS. In addition, the fourth and fifth studies from AIDSTECH examine emp!oyment figures 
by economic sector in order to report on tht: impact on specific sectors. In quite a different 
approach, the second study constructs production functions based on a 25-year history of 
macroeconomic variables from 35 African countries. The production functions are used to 
determine the effect of AIDS on the gross domestic product through its effects on the factors of 
production. 

The method of assigning economic value to direct costs by these studies is summarized in 
Table 7. The analysis of Tanzania and Zaire includes financial costs of all resources used in the 
cciurse of treatment and assumes that every symptomatic HIV infected person will seek care in 
a health facility. High and low estimates of this direct cost are presented for each country in 
1985 U.S. dollars. The theoretical construct in the second study assigns direct cost in three levels 
relative to assumed per capita GDP of $305 in 1990. The low estimate equal to per capita GDP 
corresponds to predominantly rural uneducated households, the middle estimate equal to double 
per capita GDP corresponds to households with primary education and the high estimate of 
quadruple per ca.pita GDP corresponds to urban households with secondary ~ciucation. The 
theoretical construct in the third study hases its estirrrate on the figures from the first study, but 
allows for no variation within country. In Malawi, average lifetime costs per treated case are 
estimated under the assumption that each patient will experience one year of illness before death. 



TABLE 5: BENEFITS INCLUDED IN STUDIES OF ECONOMIC IMPACT OF DISEASES 

DiseaselStudy Year 

HIVIAIDS 

1 Over et al. 1988 

Over & Kutzin 1990 

2 Way 8 Over 1992 

3 Scitovsky 8 1988 
Over 

5 Oot et al. 1992 

Country Benefits Included in Analysis 

Zaire 
Tanzania 

Typical 
African 
COU~;!" 

'Central 
African 
Country" 

Malawi 

Kenya 

Reduced costs of care at health facilities 
Discoun?ad healthy years of life saved per case of HIVIAIDS prevented 
Productivity weigh!sd discounted healthy years oflife saved per case of 
HIViAIDS prevented 
Discounted lifetime earnings saved per case of HIViAIDS pretrented 

Reduced costs of care at health facilities 
Reduced costs for households (incl. funeral expense) 
Increased growth of gross domestic product (GDP) 

Reduced costs of cara at health facilities 

Reduced costs of care at health facilities 
Productive years of life saved per casc. of HlVlAlDS prevented 
Diminished losses to specific employment sectors, both "modern' and 
ISF (informal small farming) 
Discounted lifetime earnings saved per case of HIVIAIDS prevented 

Reduced costs of care at health facilities 
PrOdllctive years of life saved per case of HHIiAIDS prevented 
Dimki~hed losses to specific employment sectors, both "modern" and 
ISF (informal small farming) 
Discounted lifetime earnings saved per case of HIViAIDS prevented 



TABLE 6: DATA SOURCES IN STUDIES OF ECONOMIC IMPACT OF DISEASES 

Diseasefstudy Year Country Measursment of Benefits in Analysis: Data Sources 

1 Over et al. 1988 Tanzania Zaire Records of the direct cost of treatment of AIDS in health 
facility (resources from family, government, charity) 

Over & Kutzin 1990 High hnd low estimates of direct cost within country 
Life table in absence of AlDS 
National data on average income 

2 Way & Over 1992 'Typical African Country' Theoretical construct of r'irect cost based on figures from 
study 1 relative to per capita GDP 
Macroeconomic data from 35 African countries 1960-1985 
Urban (industrial) and rural (agricultural) production 

3 Satovsky 1988 'Central African Country" Theoretical construct of direct cost based on figures from 
& Over study 1 

4 Forsythe 1992 Malawi 

5 Oot et al. 1992 Kenya 

Direct inpatient treatment costs for AIDS was estimated from 
review of 28 medical records of AlDS casss conducted at two 
central and two district level hospitals 
Life table in absence of AlDS 
National data on employment by economic sector 
National data on ave:age income 

Average daily toss of hospitalization from 3 yovernment, 4 
mission and 1 private hospital 
Average length of stay in hospital for AlDS patient 
from meeiing with group of health care providers 
Life table in absenc6 of AlDS 
National data on employment by economic sector 
National data on average income 



TABLE 7: VALUATION OF BENEFIT IN STUDIES OF ECONOMIC IMPACT OF DISEASES 

DiseaselStudy Year Country Valuation of Benefits in Analysis 

I Over el  al. 1988 Tanzania Direct Costs 
Financial costs of all resources used in the course of 

Over & Kutzin 1990 Zaire treatment, whether financed by the patient's family, the 
government or charitable organizations 
Assumes that every symptomatic HIV infected person will seek 
at least some treatment at a modern health facility 
Tanzania per case: Low $104; High $631 
Zaire per case: Low $132; High $1,585 
Indirect Costs 
Healthy years of life saved per case prevented 
with 5% discount rate (8.8 years) 
Weight healthy years of life lost by age-specific 
productivity: 0-5(0);5-15(.20);15-50(1);50-65(.85);65+(.25) 
with 5% discount rate (6.2 years) 
Discounted (5%) lifetime earnings lost from average income 
Tanzania per case: Low $2,425; High $5,093 
Zaire per case: Low $890; High $2,669 
[I985 U.S. dollars] 

2 Way & Over 1992 "Typical African Direct Costs 
Couiltry' Th~ret ica l  construct: cost relative to 

per capita GDP ($305 in 1990) 
Low: Per Capita GDP (rural uneducated) 
Middle: 2 x Per Capita GDP (primary education) 
High: 4 x Per Capita GDP (urban secondary education) 
lndlrect Costs 
Reduced growth of gross domestic product 1990-201 5 
AIDS effect on labor force from epidemic model 
Labor force effect on production from economic model 

3 Scfiovsky & Over 1988 "Central African Direct Costs 
Country" Theoretical construct: $100 

[I986 U.S. dollars] 



TABLE 7: VALUATION OF BENEF!T IN STUDIES OF ECONOMIC IMPACT OF DISEASES 

DiseaselStudy Year Country Valuation of Benefits in Analysis 

HIVIR!DS 

4 Forsythe 1992 Malawi Direct Costs 
Lifetime costs of AIDS treatment per case treated 
Assuming 1 year of illness before death 
(K515 or $132) 
Indirect Costs 
Productive years of life saved per case at 0% discount 
Productivity weights by age from employment surveys 
(18.7 years) 
Discounted (5%) lifetime earnings lost from average 
income (K10,500 or $2,692) 
Economic sectors at risk 
HIV Prevalence by occupation; Highly skilled labor 
[3.9 Kwachas to U.S. dollar] 

5 Oot et a1 1992 Kenya Direct Costs 
Lifetime costs per case treated from average daily a;st 
(453 shillings) and average leqth of stay (60 days) 
(27,200 shillings or $886) 
indirect Costs 
Productive years of life szved per case at 0% discount 
Productiviiy weights by age from employment surveys 
(26 years) 
Discounted (5Yo) lifetime earnings lost from average 
income (194,700 shillings or $6,342) 
Economic sectors at risk 
HIV prevalence by occupation; Highly skilled labor 
130.7 shillings to U.S. dollar] 



In Kenya, average lifetime costs per treated case are estimated from the product of average daily 
cost of hosyitnlization (453 shillings) and average length of stay (60 days). 

Table 7 also summarizes the valuation of indirect costs saved per case of HIVIAIDS 
prevented. The first, fourth and fifth studies make projections of years of life that would be 
experienced in the absence of AIDS. The first study then uses a 5% discount rate to arrive at 
an average savings of 8.8 years of life. The first study also calculates a productivity-weighted 
result of 6.2 years using age-specific productivity weights relative to productivity of 1 for a 
healthy adult aged 15 to 50: weight 0 for ages 0 to 5; weight -20 for ages 5 to 15; weight $5 
for ages 50 to 65; and weight .25 for ages over 65. Finally, national data on average incomes 
for three different socio-economic groups are used to provide a range of monetary values for 
prodiictive healthy life years saved per case prevented. The low and high monetary values of 
productive healthy life years are $2,425 and $5,093 for Tanzania and $890 and $2,669 for Zaire. 
In contrast, the AIDSTECH studies (fourth and fifth) report undiscounted productive years of life 
saved per case of HIVIAIDS prevented. Employment surveys are the basis for weighting 
productivity by age, is., employed means productive. For Malawi, a productive lifetime is 
estimated to be 25.3 ye,ws in the absence of AIDS, and the average productive life lost per case 
of HIVIAIDS is 18.7 years. For Kenya, a productive lifetime is estimated to be 36 years in t ! i~  

absence of AIDS, and the average productive life lost per case of HIV/AI[DS is 26 years. 'I%.: 
conversion of productive life lost into income lost is based on average incomes in spe~ific 
economic sectors, the urban/rural distribution of employment in these sectors, and the urbiz*1/rural 
AIDS differential. The average discounted lifetime income lost is K10,500 for Malawi ($2,692) 
and 194,700 shillings for Kenya ($6,342). The AIDSTECH studies also indicate which sectors 
may be at especially high risk based both on HIV seroprevalence studies in occupational groups 
and occupations with highly skilled labor. Finally, the second study utilizes a production 
function relating industrial and agriculturil output to the labor force and other factors based on 
macroeconomic data from 35 African countr;es. In the model, the direct cost of AIDS is drawn 
from consumption (smaller effect) or from investment/savings (larger effect). The indirect cost 
of AIDS is the resulting shortfall in the growth of gross domestic product (GDP) because the 
effect oi AIDS on the labor force is translated into an effect on domestic production. 

The major finding from these studies is that the impact of AIDS on African economies is 
staggering. The lifetime cost of caring for a person with AIDS ranges (in 1985 U.S. dollars) 
from $104, the low end of the range in Tanzania, to $1,585, the high end of the range in Zaire. 
The ratio of lifetime direct costs to per capita GDP ranges from 1.2 in Malawi to 3.3 in Tanzania. 
However, even these large direct costs are dwarfed by the indirect costs of the loss of productive 
lives. The ratio of indirect cost to per capita GDP ranges from 10.5 (in Zaire) to 21.3 (in 
Kenya). Macroeconomic effects are likely to be seen in the inability to replace skilled and 
educated workers and on key exports such as agriculture. Kenya may face a particular problem 
in mining. AIDS could generate a cumulative deficit from 1990 to 2015 on the order of one and 
one-half years of gross domestic product in African countries; the indirect effects of lost 
productivity are about 15 times the direct costs. 

Although the impact of AIDS by any measure will be enormous, the estimates of direct and 
indirect costs are subject to criticism. It would be more informative and less confusing to 
explicitly construct a range of costs reflecting enormous variation within country instead of 
creating a mythical "average" cost. The estimates of direct cost could be improved with more 



systematic surveys of health care facilities and households. The lack of information on how 
households are coping with the AIDS epidemic is especially critical; this glaring hole is currently 
being filled in p,vt by a World Bank household survey in Tanzania. The estimates of indirect 
cost again raise the difficulty of assigning monetary valucs to adult tirne, Although average 
incomes for a sector of the population can provide a very, very rough sense of the magnitude of 
the impact, estimates based upon an understanding of the labor market are needed. The model 
of "Typical African Country" in the second study is moving in this direction. The model 
explicitly allows for the effect of AIDS on the labor force in an epidemiological/demographic 
component and the effect of labor force on gross domestic product in a macroeconomic 
component. The AIDSTECI-I reports also include a rough, empirical analysis of the impact on 
the labor force of different economic sectors, such as finance/insurancs/real estate. 

Onchocerciasis 

The three studies of onchocerciasis listed in Table 1 are reviewed. The first two studies are 
associated with the Qnchocerciasis Control Programme (OCP) in West Africa; the analysis is 
restricted to Burkina Faso (previously Upper Volta). The two 0CP studies weigh the cost of 
OCP's vector, i.e., blackfly, control activities against the benefit of eliminating the indirect cost 
of onchocerciasis. Since an analysis of the interverltion is beyond the scope of this review, only 
the indirect cost is considered here. The third study is associated with a pilot program of 
community-based distribution of the drug ivermectin in the rubber plantation of the Liberian 
Agricult~lral Company (LAC) in Liberia. The third study includes both direct costs and indirect 
costs. 

The benefits of onchocerciasis control identified by these studies are shown in more detail 
in Table 8. Distinct epidemiological patterns of the savannah strain of onchocerciasis in the OCP 
area and the forest strain of onchocerciasis in Liberia influence the examination of benefits. The 
savannah strain causes a great deal of blindness while the forest strain causes very little 
blindness. The twc OCP evaluations measure a reduced number of cases of blindness and healthy 

TABLE 8: BENEFITS INCLUDED IN STUDIES OF ECONOMIC IMPACT OF DISEASES 

DiseaselStudv Year Countrv Benefits Included in Analvsie 

1 Prost & Prescott 1984 Upper Volta Cases of blindness prevented 
(Burkina Healthy years of life saved by preventing blindness 
Faso) Healthy years of life saved by averting premature mortality 

2 Evans & Murray 1987 Upper Volla Cases of blindness prevented 
(Burkina Healthy years of life saved by preventing blindness 
Faso) Healthy years of life saved by averting premature mortality 

3 Clark 

I8 Economic Impact 

1990 Liberia Reduced health care utilization by LAC plantation workers 
Improved productivity of LAC plantation workers 



years of life saved (weighted in four different ways) by prevention of blindness and premature 
death. The study of plantation workers in Liberia examines direct cost in terms of health care 
utilization and indirect cost in terms of productivity. 

Sources of data employed in  the two OCP studies are shown in Table 9. Both studies of 
OCP use data collected by OCP's Epidemiological Evaluation Unit (EPI) to look at changes in 
the incidence of blindness. The first study of OCP uses tax records to determine the nrevalence 
and duration of blindness and mortality from blindness in the intt sention area in the early years 
of OCP (before OCP reduced the incidence of blindness); blind individuals are exempt from 
paying taxes, so individuals are motivated to record cases of blindness. In contrast, the second 
stvdy of OCP uses EPI survey records to cross-check (and critique) methodology for estimating 
the number of blind individuals and the duration of blindness from tax records. The first study 
estimates the population at risk for blindness based on the 1975 population census and assumes 
the population at risk grows at the same rate as the national population; the second study adjusts 
the 1975 population census for under-enumeration, and assumes the population at risk for 
blindness does no; grow. 

The third study employs several types of company records in order to explore the 
relationship between worl sr productivity and non-blinding sequelae of onchocerciasis infection 
(see Table 9). A 1987 census enumerated the workers of the LAC plantation. The plantation 
hospital provided information on health care utilization by the workers. The estate offices of the 
plantation provided records of total number of days worked, total number of days of sick leave, 
and total number of days of unexplained worker absenteeism. Payroll records were reviewed to 
determine the monthly amount of bonus pay for each rubber tapper. Infected workers were 
identified through mean microfilarial density (MMFD) measures calculated from skin snips. 

The method of benefit valuation for the two studies of OCP is summarized in Table 10. The 
OCP studies look at cases of blindness prevented, healthy years of life saved (undiscounted and 
discounted) and productive years of life saved (undiscounted and discounted). Neither study 
includes the potential benefits of avoiding infection without ocular involvement or with partial 
visual impairments. The two OCP studies use the same conceptual framework but use different 
assumptions and estimates throughout. Concerning the issue of weighing disability versus death, 
the first study assumes that one year of disability (blindness) is equivalent to premature death and 
may even be worse than premature death from society's point of view since the blind person will 
require assistance from other productive individuals. On the other hand, the second study 
proposes that blind persons may still be productive and assigns to a year of blindness a value of 
50% a year of healthy life. The first study assumes that defining the working ages to be 15 to 
60 years is acceptable, while the second study proposes that defining the working ages to be 15 
to 49 years is more appropriate, based on direct studies of employment histories of workers in 
Burkina Faso (Upper Volta). Other important differences are a longer duration of blindness per 
case and a smaller population at risk in the second study as compared to the f i s t  study. 

The third study approaches valuation of benefits quite differently because it attempts to 
measure the short term economic effect of ivermectin treatment (see Table 10). Several statistical 
tests are performed. Direct costs of health care utilization are measured before and after the 
distribution of ivermectin in order to detect a decrease in use. Indirect costs of lost productivity 
are measured before and after the distribution of ivermectin in order to detect increases in days 
worked, increases in bonus pay, decreases in days of sick leave and decreases in days of sick 
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TABLE 9: DATA SOURCES IN STUDIES OF ECONOMIC IMPACT OF DISEASES 

m- Year Country Measurement of Benefits in Analysis: Data Sources 

ONCHOCERclASlS 

1 ~rost&~rescon 1984 Upper Fiscal tax records are used to determine the prevalence and duration of blindness and 
Vo!ta the mrta l i i  from blindness. 
(Burkina (Blind individuals are exempt from paying taxes) 
Faso) OCP epidemiological followup on incidence of blindness 

1975 population census is used to estimate the population at risk fo; blindness 
Growth rate of population in Upper Volta 

2 Evans 8 Murray 1987 Upper Fiscal tax records ars used to determine the prevalence of blindness. 
Volta (Blind individuals are exempt from paying taxes) 
(Burkina OCP Epidgmiological Evaluation Unit (EPI) Survey records for prevalsnce and duration ol  
Faso) blindness and the mortality of blind and sighted people 

1975 population census, adjusted for under-enumeration, is used to estimate the 
population at risk for blindness 

3 Clark 1990 Liberia 1987 plantation census provided demographic data on each subject 
Health care utilization data was collected from the plantation hospital records 
Estate offices records provided total number of days worked, total number of days of sick 
leave, and total number of days of absenteeism 
Payroll records provided data on the monthly amount of bonus pay earned (based on 
pounds of rubber collected in excess of the quota) 
Data on mean microfilarial density (MMFD) calculated from skin snips 

I 



TABLE 10: VALUATION OF BENEFIT IN STUDIES OF ECONOMIC IMPACT OF DISEASES 

Valuation of Benefits in Analysis 

1 Prost & Frescon 1984 Upper Volta (Burkina Indirect Costs 
Faso) Cases of blirdness prevented 

Compare blindness incidence pre-control in OCP area 
Healthy years of life saved 
Years of disability aue to blindness 
[9 years (hyperendemic): 7 years (nemendemic)] 
Diminished life expectancy 
[14 years (hyperendemic); 13 years (mesoendsmic)] 
At-risk population 
[500,000 (hyperendemic); 500,000 (mesoendemic)] 
One year of blindness equivalent to premature death 
Productive years of life saved 
Ages 15 to 60 years are 'productive' 
Discounted healthy years of life saved by OCP 
10% discount rate 
Discounted productive years of life saved by OCP 
?G% discoun: rate 



TABLE 10: VALUATION OF BENEFIT IN STUDIES OF ECONOMIC IMPACT OF DISEASES 

I DiseaseiStudy Yeat Country Valuation of Benefits in Analysis 

2 Evans 8 Murray 1987 Upper Volta (Burkina Indirect Costs 
Faso) Cases of Mindness prevented 

Compara Hit?:-less incidence pre-control in OCP area 
Healthy years of life saved 
Years of disability due to blindness 
11 6 years (all areas)] 
Diminished life expectancy 
[12.7 years jhyperendemic); 9 years (mesoendemic)] 
At-risk population 
[317,000 (hyperendemic); 185,000 (mesoendemic)] 
One year of blindness equivalent to 50% of healthy year 
Productive years of life saved 
Ages 15 to 49 years are 'productive" 
Discounted healthy years of life saved by OCP 
Range of 3%-15°/0 as discount rate 
Discounted productive years of life saved by OCP 
Range of 3%-15% as discount rate 

3 Clark 1990 Liberia Direct Costs 
Health care utilization (look for decrease) 
Comparison before and after treatment 
Indirect Costs 
Days worked and adjusted bonus pay 
Comparison before and aftsr treatment (look for increase! 
Associaiion with microfilarial load (look for negative) 
Days of sick leave and absenteeism 
Comparison before and after treatment (look for decrease) 
Association with microfilarial load (look for positive) 
No significant effects of disease were found. 



leave and decreases in days of absenteeism. Associations with the measures of productivity and 
microfilarial load are also examined. The hypotheses are that days worked and bonus pay should 
be negatively associated with load end that days of sick leave arld absenteeism should be 
positively associated with load. 

The major finding from OCP is that the savannah form of onchocerciasis is a major burden 
in West Africa. In Burkina Faso alone, over the period from 1975 to 1982, interruption of 
transmission by OCP prevented 2,701 cases of blindness and 23,409 person-years of disability 
caused by blindness. Premature mortality associated with the disease, although not caused 
directly by the disease, was also substantially reduced (the control program added 37,364 person- 
years). There is also consensus that OCP is an efficient use of resources. However, the iwo 
evaluations of OCP disagree on almost every methodolsgical issue, and on the resulting measures 
of cost-effectiveness. The first OCP study concludes that the cost per year of healthy life added, 
the cost per year of productive life added, the cost per discounted year of healthy life added and 
the cost per discounted year of productive life added have values $20, $20, $150 and $150, 
respectively. The corresponding values for the second OCP study are $273, $705, $2119 and 
$4852. This situation points out that there may be multiple criteria for judging cost-effectiv-ness. 
(A general discussion of cost-e,ffectiveness follows later in this report.) The work by Clark 
(1990) found no significant etfects on productivity of decreases in the non-blinding ocular, 
systemic, and dermal seqtielae of onchocerciasis infection. This result is not entirely surprising 
since the forest strain of onchocercizsis in the LAC plantation causes milder disease than the 
savannah strain of onchocerciasis. 

Dracunculiasis (guinea worm disease) 

The fivc studies of dracunculiasis listed in Table 1 are reviewed. The first four studies are 
scattered across the three Nigerian states of Imo, Oyo and Kwara; the last study examines the 
Danfa Project area which is north of Accra, Ghana. The second and third studies briefly discuss 
the cost of a program to intexupt transmission and the fourth study describes a strategy which 
has been successful in eliminating dracunculiasis in a village. However, since an analysis of 
intervention strategies is beyond the scope of this review, the emphasis here will be on the 
indirect c o s ~  of disease. 

All of the studies include reduction in disability as a benefit (see Table 11). The first study 
considers all household members, the second study deals with mothers with young children, and 
the third, fourth and fifth studies focus on males as heads of household or full-time farmers. The 
second study looks at the benefit of increased time women have f ~ r  performing self care, child 
care and domestic duties as well as generating income; gain in income is expressed in terms of 
earnings saved per episode of disability prevented. The third, fourth and fifth studies include 
increased agricultural production as a benefit. The third study expresses increased production in 
terms of earnings saved per episode of disability prevented and per year for the village as a 
whole. The fourth study extends the discussion of community benefits to include increased 
economic growth and expansion of physical facilities in a village. 

Sources of data for each of these five studies are summarized in Table 12. All but the 
second study, which is just a pilot study, build on baseline household surveys. Thc second study 
is also distinctive because of its exclusive focus on mothers with young children. l'he first study 
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TABLE 11: BENEFITS INCLUDED IN STUDIES OF ECONOMIC IMPACT OF DISEASES 

DiseaselStudv Year Country Benefits Included in Analysts 

DRACLINCULlASlS 

1 Huttfy et a!. 1990 Nigeria Reduction in disability of household members 

Smith et al. 1989 

2 Wattsetal. 1989 Nigeria Reduction in disability of mothers 
lncreased time for self care, child care, domestic duties 
and income generation 
Earnings saved per episode of disability prevented 

3 Brieger8 Guyer 1990 Nigeria Reduction in disability of full-time farmers 
lncreased agricultural production 
Earnings saved per episode of disability prevented 
Earnings saved per year in village 

4 Edungbolaa 1990 Nigeria Reduction in disability of household heads 
Watts Increased agricultural production 

lncreased economic growth ot village 
Expansion of physical facilities of village 

5 Belcher et al. 1975 Ghana Reduction in disability of household heads 
lncreased agricultural production 



TABLE 12: DATA SOURCES IN STUDIES OF ECONOMIC IMPACT OF DISEASES 

Year Country Measurement of Benefits in Analysis: Data Sources 

Smith et al. 

2 Wansetal. 

3 Briegera 
Guyer 

4 Edungbda& 
Watts 

5 Belcher et al. 

1990 Nigeria Cross-sectional surveys of health status, conducted biannually 1983-1986 in five farming villages 
Longitudinal survey of 195 households selected for diarrhea study includes numeric scores (1-5) of 
dracunculiasis disability for all members of household 

1989 

1989 Nigeria Qualitative survey of 42 households selected for women with active lesions of dracunculiasis and 
children less than 2 years old; direct observations and in-depth interviews 
elicit the impact of disability from dracunculi~sis 

1990 Nigeria Total population survey in 1981 of health status, socioeconomic information, and agricultural 
production 
Case study methodology applied to 20 affected farmers; qualitative in te~ews conducted in June 
1988 identify time and duration of illness, crops usually planted and crops that could not be 
planted because of dracunculiasis 

1990 Nigeria Prevalence survcy of dracumliasis in village in 1978-1979 
provided baseline measures before elimination 01 dracunculiasis in 1982 
Prevalence survey in March 1986; 5-yr retrospective with qualitative ink~rmation about changes in 
village 
Direct observation and participatory action in village 

1975 Ghana Eight villages identified for study during epidemic in 1973 
Household surveys were conducted in aludy areas to identify previous illness and traditional 
treatments 
In-depth interviews conducted in 20 households in which male head had been incapacitated by 
dracunculiasis during the year; information about disability, type of agricultural activities missed 
due to disability, and whether alternative labor sources had been used 





I 

TABLE 13: VALUATION OF BENEFIT IN STUDIES OF ECONOMiC IMPACT OF DISEASES 

DissaselStudy Year Country Valuation of Benefits In Analysis 

DRACUNCULJASIS 

5 Belcher et 4. 1975 Ghana Indirect Costs 
Loss of work by 112 adults 
[43 untreated adults: average 5.3 weeks of disability] 
[S9 treated adults: average 2.4 weeks of disabili] 
Reduction in agricultural production 
Of 20 affected men inte~ewed, 
2 had access to assistance from relatives; 
none received help from neighbors; 
2 had initial cash to pay partially for day laborer 

I 
, 

i 



TABLE 13: VALUATION OF BENEFIT IN STUDIES OF ECONOMIC IMPACT OF DISEASES 

DiseaselStudy Year Cwntry Valuation of Benefits in .9nalysis 

QRACUNCULIASIS 

3 Biieger 8 Guyer 1990 Nigeria indirect Costs 
Duration of disability for 20 male fanners 
[mean 3.9 months; range 1-7 months] 
Type of disability for 20 male farmers 
[Difficulty walking(1);Walk with stick(2);Bedridden(l7)] 
Acres not planted were converted into potential yield; this estimate was assigned the 
current market value of the crop 
Impact of days lost on each staple crop 
26.5 heaps yam total for 8 growers (2,650 naira) 
90 bags cassava total for 4 planters (9.000 naira) 
17 bags melon total for 3 farmers (2,040 naira) 
64.5 bags maize total for 10 fanners (12,900 naira) 
Market value of losses 
Losses for 20 farmers 26,590 naira;1329.50 naira avg loss 
Estimate 270 infected full-time farmers in village 
Total annual loss (270 x 1329.50) 358,965 naira ($90,000) 
(average per capita income for region is 500 naira) 
[U.S. dollar conversions as reported in article] 

4 Edungbola 8 1990 Nigeria Indirect Costs 
Watts Loss of work by household heads 

Loss of cash crops by women; with control program, contaminated water sources 
converted to irrigation supply] 
Reduced economic growth of village; with control program, 
other villages no longer shunned area, therefore merged several periodic markets, 
improving trade opportunities; also, improved children's school atendance (enrollment 
grew from 101 to 332); reten?ion of teachers in the community (residing in village), which 
improves motivation for community projects 
Lack of physical facilities; growth with control program included a community secondary 
school, church, market, town hall and businesses (poultry farm and maize project) 



employs a numeric scale of functional disability from dracunculiasis as part of a longitudinal 
study with visits of the same households every two weeks. The other four studies have a 
qualitative data collection component to gather information about disability and its effects on time 
use by household members -- in-depth interviews in the second, third and fifth studies, and direct 
observation and participatory action to record changes from 1978 to 1986 in the fourth study. 

The potential benefits of reducing disability are valued based on the information available 
about the indirect costs in each study. The specific effects of dracunculiasis will be discussed 
for each of these papers individually since the findings are so diverse (see Table 13). 

The first study reports on the duration of episodes and the severity of illness for each two- 
week observation period. Disability is scored 1, 2, 3 or 4 according to whether disability is not 
present, mild, moderate or severe, respectively; a score of 5 is assigned to the bedridden. Out 
of all two-week observation periods of infected people, 18% score 4 or 5. 

The second study summarizes the degree of incapacity of 42 women and describes which 
tasks they must neglect during a bout of guinea worm infection. The domestic tasks of cooking 
and cleaning may continue but tasks away from home are not possible for many women; 
therefore fetching water, collzcting firewood and gathering vegetables must be done by someone 
else. Self-care is often neglected--water is needed for bathing, and eating may be foregone 
because of nausea or because of the necessity of moving away from the house for defecation. 
Child care is given high priority by the infected women but nonetheless child health status often 
suffers during the time the mother is incapacitated. Twelve of the infected women reported an 
average loss of income of about 293 naira ($75) during the current illness episode. 

The third study summarizes duration and type of disability for 20 male farmers. The study 
also evaluates potential gains in agricultural productivity for the four staple crops -- maize, 
cassava, yam and melon. Acres not planted are converted into potential crop yields and the 
market value of the staple crops lost is calculated. The 20 fanners experienced a total loss of 
26,590 naira or an average of 1329.50 naira per farmer. When multiplied by an estimate of that 
total number of infected farmers in the village (270), the annual community loss is estimated to 
be worth 358,965 naira or close to $90,000. 

The fourth study demonstrates the indirect cost of dracunculiasis by examining changes in 
the community that followed eradication of dracunculiasis. Heads of household were better able 
to work. The physical facilities expanded to include a community secondary school, church, 
market, town hall and several businesses. School attendance grew threefold; teachers remained 
in the village after the control program, thereby boosting community participation in self-help 
projects. Since the surrounding villages no longer shunned the area, trade opportunities improved 
significantly. The contaminated water sources provided irrigation for cash crops therefore 
increasing the yield and income from cash crops. 

The fifth study looks at time lost from work because of dracunculiasis. The average is 5.3 
weeks of complete disablement in untreated patients, while the average for treated patients (given 
antibiotics and instructions for cleaning/soaking/dressing wounds) is 2.4 weeks. Of 20 farmers 
interviewed, none received help from neighbors. Of the same 20 men, only two received help 
from relatives and only two were able to hire day laborers (but not enough to complete tasks). 

I he major finding from these studies is that dracunculiasis generates a significant aonowis 
burden in rural areas where it is endemic. As many as 18% of infected people may be so 
disabled that they cannot leave their family compound and they are sometimes confined to bed; 



symptoms may lust for weeks. This high degree of disablement affects communities in many 
wuys, Two Nigerian studies repart per capita losses of income per episode ut 293 naira for 12 
women and 1,329 naira for 20 ma,l,e full-time farmers in Idere, Oyo State. These figures are 59% 
and 266% o? the annual per capita income of the region, 500 naira. The disease also affects 
productive activities that do not generate income. Women lose the ability to take care of their 
children, their home and themselves. Infected children often cannot go to school. 

The effects of the disease can be seen dramatically ut the community level by observing 
changes in Igbon, Oyo State, Nigeria following a successful eradication program. Trading 
opportunities improved because surrounding villages no longer avoided the area. A local 
secondary school was built, school attendance increased threefold, and teachers remained in the 
community. Other new construction included a church, a market, a town hall, a poultry farm and 
a maize project. 

Provision of a clean, protected supply of water can eliminate dracunculiasis. Rough estimates 
indicate that control is highly cost-effective. The study of women in Idere (second study, 
compares an average loss of 293 naira ($75) per episode with a cost of $14 per capita to provide 
handpumps, hand-dug wells and water catchment jars. The study of men in Idere (third study) 
compares an estimated annual community loss of 358,965 naira ($90,000) with the cost of 
providing 67 cement ring wells ($20,100) and 2,000 nylon water filters ($6,000). Clearly, 
dracunculiasis control should be a high priority in communities where it is endemic. 

Schistosomiasis 

The six studies of schistosomiasis listed in Table 1 are reviewed. Five of the six studies 
reviewed were conducted on sugar cane plantations -- one in Sudan, three on the same plantation 
in Tanzania, and one in Brazil. Benefits of a control program for schistosomiasis are therefore 
described from the perspective of the plantation, not the national ministry of health or a 
community. The third study also describes the cost of a schistosomiasis control program based 
on snail control and chemotherapy; however, an analysis of intervention strategies is beyond the 
scope of this review. The remaining study (listed fifth) is a worldwide calculation of the 
potential gains in productivity with control of schistosomiasis. Studies outside of Africa are 
considered for methodological reasons; the schistosomiasis literature is some of the earliest work 
to systematically examine the effect of disease on productivity. 

The benefits for each study are shown in Table 14. A11 six studies evaluate the differences 
in productivity betwten infected and uninfected workers and look for increased productivity for 
uninfected workers. The fifth study employs the gross national product (GNP) as an aggregate 
measure of productivity. The sixth study extrapolates from losses on a sugar estate to losses for 
the entire state of Pernambuco, Brazil. Only two of the six studies (the second and third studies 
located on a plantation in Tanzania) include reduced treatment costs (drugs and hospitalization) 
of infected workers as a benefit of control; the third study also includes goodwill resulting from 
protection of wives and children. 

Sources of data for the first study (in Sudan) are summarized in Table 15. The first study 
relies entirely on the research team to collect physiological and clinical data on 194 cane cutters 
and productivity data on 129 cane cutters. Productivity is measured as weight of cane cut per unit 
time and the period of observation is two days. 
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TABLE 14: BENEFITS INCLUDED IN STUDlES OF ECONOMIC IMPACT OF DISEASES 

QiseasdStudy Year country Benefits Included in Analysis 

1 Collins et al. 1976 Sudan Increased worker productivity 

2 Foster 1967 Tanzania Reduced hospitalization costs for plantation 
Reduced costs of drug treatment and supplies 
lncreased worker productivity with S. mansoni control program 

1972 Tanzania Reduced hospitalizatior: costs for plantation 
Reduced costs of drug treatment and supplies 
lncreased worker productivity with S. mansoni control program 
"Goodwill' resulting from protecting wives and children 

4 Fenwick & Figenschou 1972 Tanzania Increased worker productivity with S. mansoni control pmgram 

5 Wright 1972 World Increase in GNP of world regions 

6 Barbosa & Pereira Da Costa 1981 Brazil Increased worker productivity with S. mansoni control program 
Increased productivity for plantation 
lncreased productivity for Pemambuco state 



I 

TABiE 15: DATA SOURCES IN STUDIES OF ECONOMIC IMPACT OF DISEASES 

DiseasdStudy Year Country Measurement of Benefits In Analysis: Data Sources 

SCHlSTOSOUlASlS 

1 Cotfins et al. 1976 Sudan Physiological tests of aembic capacity of 194 cane cutters conducted in laboratory setting 
Data on infection fmm counts of S. mansoni eggs in stools 
Clinical examinations for hepatosplenomegaly 
Field productivity of 129 cane cutters in weight of cane cut per unit time 

2 Foster 19€7 Tanzania Data on infection fmm counts of S. mansoni eggs in stools for 200 men (some cane cutters, 
some irrigators) 
Health care utilization data from estate dispensary 
(July 1962-Jan 1963) and hospital (August 1962-Jan 1963) 
Company records for work attendance for cane cutters and inigators 
(July 1962-Dec 1962) 
Company r m r d s  for field pmductivity of cane cutters in weight of cane cut 
(July 1962-May 1963) 

3 Femvick 1972 Tanzania Hospital records of schistosomiasis treatment before contml [relies on study 21 
Company records of bonus payments for infected and uninfected cane cutters [relies on 
study 41 

4 Fenwick 8 Figenschou 1972 Tanzania Assessment of bonus earnings of cane cutters fmm estate records, 1968-1969 
Classification of infection status and exclusions based on estate hospital records (stool 
samples, treatment history) 

I 

5 Wright 1972 World Prevalence rates fmm NAS survey of tropical health (based on WHO data) and some annual 
public health reports fmm countries 
Per capita GNP estimates by country from World Bank 

6 Barbosa & Pereira Da Costa 1981 Brazil Data on infection from counts of eggs in stools 
Physical examinations used to identify clinical status 
Estate records of Tuma fmm harvests 1966-1967 and 1967-1968 used retrospectively to 

I 

assess pmductivity of cane cutters as total earnings 
Estate records of Catende from harvest 1977-1978 used prospectively to assess productivity 
of cane cutters as total earnings 
Agricultural records of Pernambuco state 

I 
I 



Sources of data for the three studies of Arusha Chini estatc in Tanzania (second, third and 
fourth stuclies) are illso in Table 15. The secon(1 study relies on thc research lcam to screen 
workers for irlfection. Estate rccords provide data on health cilre utilization and work attendance 
for cane cutters and irrigators. Estate records provide data on field productivity for cane cutters 
only. Productivity is measured in weight of cane cut and bonus payments over the period from 
July 1962 to May 1963. The third study depends on the other two for data -- the second study 
provides hospitalization records of scllistosomiasis treatment before a control program was 
established in 1968 and the fourth study provides an estimate of the effect of infection on 
productivity during the control pcogtzm. The fourth study uses estate records to determine bonus 
earnings of cane cutters OVCI. a two-year period 1968-1969; infection status and exclusions are 
based on estate hospital records showing results of examinations of stool samples and history of 
treatment for schistosorniasis. 

The fifth study is quite different (see Table 15). It relies on a National Academy of 
Sciences (NAS) survey of tropical health based in part on WHO data; some annual public health 
reports from countries are also used. Productivity data at the nati,onal level are in the form of 
estimates of per capita gross national product (GNP) published by the World Bank. 

The sixth study (in the state of Pernambuco, Brazil) is similar to the African studies on sugar 
cane estates (see Table 15). Data on infection and clinical status derive from a survey 
completed in 1966 for the retrospective study on Tiuma Sugar Elstate and from examinations 
performed by the research team in 1977 for the prospective study on Catende Sugar Estate. 
Estate records on earnings are used to assess productivity of cane cutters. The retrospective study 
on Tiuma Sugar Estate looks at harvests from 1966-1967 and 1967-1968; the prospective study 
on Catende Sugar Estate looks at the harvest of 1977-1978. 

The methods of valuation of direct costs of schistosomiasis are summarized in Table 16. 
Only the second and third studies handle direct costs. The second study includes the annual cost 
of additional dispensary attendance by infected irrigators, additional days spent in the hospital 
by infected cane cutters and irrigators (not including admissions for schistosorniasis) and 
schistosomiasis treatments on Arusha Chini estate in Tanzania. The cost for the dispensary 
attendances, hospital days and schistomiasis treatments include salary for days lost from work. 
From a public health perspective, the cost of days lost from work would be incldded under 
indirect costs, but, from the perspective of a plantation owner, salary for days lost represents a 
direct outlay of cash. One final modification is to adjust for double-counting costs by subtracting 
from the cost of schistosomiasis treatments an estimate of treatments for schistosomiasis 
administered to workers admitted to hospital for other reasons. The third study considers only 
the cost of schistosomiasis treatment -- medicine, hospital days and days lost from work. 
However, since the third study was conducted during a control program started in 1968, it 
estimates what the costs of schistosomiasis would have been in the absence of a control program. 
Basing the number of treatments required upon the second study, which had been conducted on 
the same plantation in 1962 and 1963, the third study assumes 1,350 treatments a year and 
calculates the treatment costs over 1968-1970, of which one-third constitutes an annual cost. 

The methods of valuing the benefit of reducing the indirect costs of productivity lost by 
infected workers are also summarized in Table 16. The first and second studies, which were 
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TABLE 16: VALUATION OF BENEFIT IN STLIDlES OF ECONOMIC IMPACT OF DISEASES 

w = J C i Y  Year Camby Valuation of Benefits In Analysis 

SCHLSTOSCMASIS 

1 W ~ n s e t  d. 1976 Sudan brdirect Costs 
\?il&gM of cane cut per unit time 
Positive correlation with maximum aerobic capacity 
Infected workers more productive because of experience 
Cc,+usbn that disease does not affect productivity 

1967 Tanzania Direct Costs 
Outpatient attendanccts 
Lower for infected cane cutters; higher for infected irrigators 
Financial cost 
Addiional 819 attendances annually for irrigators; annual cost 2,457 shillings (medicine) and 
2,706 shillings (salary for days lost); total 5,163 shillings annually 
Proportion admitted to hospital (exclude schist0 treatmentsj 
No dierence between infected and uninfected cane cutters; higher proportion for infected 
irrigators 
ilospital days (exclude schistosomiasis adrnissicns) 
More hospital days for infectad workers 
Financial cost 
Addiional 1,677 hospitai days per year; annual cost 18,447 shillings (including salary) 
Schistosomiasis treatment 
1 :350 treatments annually; annua! cost 100,980 shillings incl. days lost from work); adjusted 
annual cost 73,715 shillings if excluding overlap with schistosomiasis treatments in hospital 
for those admitted for other causes 
Indirect Costs 
Proportion of work shiis lost without discernible cause (absenteeism) 
Higher proporb'on lost for infected workers 
Financial cost (indudes irrigators only) 
Annual cost for 400 irrigators equiv. to 9 men at 2,400 shiilings per year; total annual cost 
21,600 shillings 
Msan output (quantity of cane cut) per work shift 
No differsnce between infected and uninfected cane cutters 
Total annual direct and indirect cost: 118,925 shillings (5,946 pounds sterling or $1 1,357 
U.S.) 
[I pound sterling is $1.91 U.S. dollars] 



TABLE 16: VALUATION OF BENEFIT IN STUDIES OF ECONOMIC IMPACT OF DISEASES 

D i ~ ~  Year Country Valuat!un of Benefits in Analysis 

1972 Tanzania Direct Costs 
Cost of 1,350 schistosomiasis treatments annually -- medicine, hospitai days and lost days 
of work (lost days of work used for treatment): $1 1,958 
Indirect a s  
1,700 workers with infection rate of 85Y0 (1.445 infected) 
Assume uninfected workers 5% more productive than infected workers, so 1,376 uninfected 
workers do work of 1,445 infected workers; save 69 workers at $420 per year 
Annual cost of lost productivity: $28,980 
No economic value assigned to goodwill generated 
Total direct a& indirect costs per year: $40.938 

4 Fenwick S F~enschou 1972 Tanzania Indirect Costs 
Bonus earnings for cane cutters 
Infected men aarned 11% less than uninfected men 
Treated men earned 7% less than uninfected men 
Quantity of cane cut 
lnfected men piduced 3% less than uninfected (estimate based on data during exceptional 
rainfall); infected men would probably picduce 5% less than uninfected men under better 
conditions 

World Indirsct Costs 
Number disabled by schistosomiasis (totally; partially) 
Africa (1,735,983; 16,327,200); Mauritius (1,400; 20,304); SW Asia (43,622; 639,406); SE 
Asia (749,930; 6,261,350); Americas (1 19,325; 1,534,545) 
Assume totally disabled contribute nothing to GNP 
Assume oartially disabled have 10% reduction in production 
Estimated annual losses 
Africa $445,866,945; Mauritius $755,480; SW Asia $16,527,275; SE Asia $1 18,143,755; 
Americas $60,496,755 
Tatal: $641,790,130 



TABLE 16: VALUATION OF BENEFIT IN STUDIES OF ECONOMIC IMPACT OF DISEASES 

Year Country Valuation d Benefits in Analysis 

6 Barbs  8 Perein Da Costa 1981 Brazil Indirect Costs 
Earnings during havest 
Less earnings for severely infected (hepatosplenic form); no difference between uninfected 
and lightly infected (intestinal form) -- based on retrospective study 
Less earnings for severely infected (hepatosplenic form) compsred with lightly infected 
(intestinal form) 
[35.1% less] -- based on prospectivg study 
Reduced production for Catende sugar estate 
57 hepatosplenic workers ( 4 O A  of workforce) lose 6,077 
60-kg sugar sacks (0.93% of 634,068 total in 1978); 
Loss of $135,030.95 in 1978 ($22.22 per sugar sack) 
Reduced production in Pernambuco state, Brazil 
Assume 2% of workforce is hepatospienic so that they generate losses of 0.465%: 
Loss of 101,842 sugar sacks in 1978 from total 21,901,563; 
Loss of $2,263,062 in 1978 ($22.22 per sugar sack) 



conductecl on pliintutions in Sutlan and Tanzuniu, respectively, look for reductions in tlle quuntity 
of cane cut per work shift by infected tnen as compared with uninfected men. Neither of these 
studies finds such an effect. In fiict, ironically, infected cane cutters often appear to be more 
protluctive than uninfectcd cane cutters because they are more experienced. The studies in 
Tanzania and Brazil take a broader view of worker productivity by considering a period of 
observation of several months; under these conditions, productivity incorporates the effect of 
schistosorniasis on absenteeism as well as any effects on efficiency wllile on the job. On Arusha 
Chini estate in Tanzania, the second study finds the cost of absenteeism for infected irrigators 
(an increase in wages for 9 additional workers out of 400 workers or 2.25%) and the fourth study 
estimates a 5% reduction in quantity of cane cut by infected cane cutters; the third study uses the 
5% estimate from the fourth study and converts that to a monetary value based on wages. The 
sixth study examines earnings during harvest by uninfected and infected workers. The important 
difference turns out not to be between uninfected and infected but between those with milder 
infection (intestinal form) and those with more severe infection (hepatosplenic form). 
Hepatosplenic workers earn 35.1% less than infected workers without hepatosplenomegaly. At 
the level of the Catende sugar estate, a workforce with 4% hepatosplenic workers translates into 
losses of 0.93% of sugar production. 

The fifth and sixth studies extend valuation of indirect costs beyond the sugar cane 
plantations to regions (see Table 16). The fifth study uses estimates of the number of infected 
people in many countries, broken down into those who are totally disabled and those who are 
partially disabled. Under the assumption that complete disablement mearrs no productivity and 
partial disablement means 90% productivity, productivity lost per year is assigned to infected 
people from published gross national product (GNP) per capita. The sixth study is much 
narrower in scope. It generaiizes the results from Catende sugar estate to Pernambuco state. The 
key assumption is that 2% of the workforce is hepatosplenic workers, which is half the 4% found 
on Catende sugar es;ate, so that losses from the total are cut in half to 0.456%. From the total 
annual production in the state and the selling price of 60-kg sugar sacks, losses are expressed in 
number of sugar sacks and U.S. dollars. 

The major finding from these studies is that schistosomiasis in a workforce generates not 
only direct costs for treatment, but also indirect costs that may be as much as 10% of production 
except for a few patients with severe clinical symptoms. Productivity losses per worker range 

I from over 2% for infected irrigators (second study) to 3%-5% for infected cane cutters (fourth 
study) to 35% for infected hepatosplenic cane cutters, i.e., those with clinical signs of 
hepatosplenornegaly (sixth study). These productivity losses may be underestimated from a 
public health standpoint because studies of workers on plantations necessarily exclude those 
unable to work at all. A global review assumes a productivity loss of 10% for infected people 
with moderate symptoms and a loss of 100% for infected people with severe symptoms. 

hccever, even small percentage losses can generate huge costs when aggregated over a 
region. For example, a 2% prevalence of hepatosplenic workers (individual losses 'of 35%) on i sugar estates generates aggregate production losses of around only 0.5%; this percentage loss for 
the state of Pernambuco, Brazil translates into over 100,000 sugar sacks and close to $2,300,000 
in 1978 U.S. dollars. 

The combination of direct costs and indirect costs of schistosomiasis may be great enough 
on individual plantations to justify the expense of a control program. A study of Arusha Chini 
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estate in 1970 (third study) estimates that maintenance of a program of snail control, screer~ilig 
of new employees and treatment of imported cases would cost $9,546, but would generate $7,448 
in treatment savings and $15,960 in productivity savings Yry year. 

The mt:thodological lesson from these studies is that ti16 direct effects of treatment are easier 
to measure th .~: i  !he indirect effects of lost productivity. The effects of disease on the 
productivity of thosc: who are healthy enough to be in the workforce are likely to be less than 
5% or 10%. Nz-iertheless, the aggregate effects of annual productivity losses may be in the 
millions of dollars for a state or hundreds of millions of dollars for a region. The estimated 
burden \~ould be even greater if it included the effect of schistosomiasis on productive activities 
outside .formal labor markets. 

COMPARATIVE IMPACT 

This section discusses what comparisons of economic impact can be made across diseases. 
The findings are based on a critical review of the sentinel studies of malaria, HIVIAIDS, 
onchocerciasis, dracunculiasis and schistosomiasis presented in Table 1. This review will first 
describe how the diversity of the effects of diseases and methodological approaches makes 
comparisons difficult. The Ghana Health Assessment Project is then explored as 11 model for 
comparing diseases in terms of healthy years of life lost. Since an estimate of economic impact 
is intended to be the first step in a process of designing and evaluating cost-effective strategies 
in public health, the discussion will be set in the context of the relationship between economic 
impact and studies of cost-benefit and cost-effectiveness. 

Lack of comparability across studies 

The methodological details of the sentinel studies are summarized in the following three 
tables: Table 17 on level of analysis, e.g., macro or household; Table 18 on the benefits ~ncluded; 
and Table 19 on scurces of data. In each table, studies are identified by the numbers assigned 
to them in Table 1. For example, the number 6 in the malaria columns refers to the study by 
Audibert in the Cameroons. 

The level of analysis ranges from a highly aggregated macro (national or global) perspective 
to an examination of the individual in a household (see Table 17). The studies of some diseases 
encompass a range of approaches. For malaria, there are two studies at the macro level, three 
studies at the sub-national (district or urban area) level and three studies at the household level. 
For onchocerciasis, there are two studies at the macro level (Burkina Faso's part of the 
Onchocerciasis Program Control area) and one study at the plantation and community level. For 
schistosorniasis, there are four studies exclusively at the plantation level, one study exclusively 
at a macro level (country and global) and one study that extrapolates from the plantation level 
to the sub-national (in that case, state) level. 

However, it is also evident that research on a specific disease may be concentrated on 
particular levels of analysis. All of the studies on dracunculiasis look at the effects of disability 



TABLE 17: LEVEL OF ANALYSIS 

on individuals, households and communities while all of the studies on HIVIAIDS pull together 
data for a country as a whole. The two examples of subnational level for HIVIAIDS (fourth and 
fifth studies) refer to economic sectors of the country rather than geographic subdivisions. 

It is not possible to make direct comparisons between analyses at different levels. For 
diseases of programmatic importance, great priority should be attached to providing data for the 
same level across diseases. The most important gap indicated in Table 17 is the lack of 
HIVIAIDS studies at the household level. Table 17 demonstrates a clear need for household 
level information on both the direct costs of AIDS such as drugs to treat opportunistic infections 
and the indirect costs of the time required of family members to care for both the patient and the 
patient's children. In fact, preliminary versions of Table 17 have already motivated the Africa 
Bureau to contribute resources to a household survey of the impact of HIVIAIDS currently being 
conducted in Tanzania by the World Bank. Studies of the impact of AIDS on villages and 
businesses are also needed. 

The benefits included in the analyses are summarized in Table 18. As previously discussed, 
benefits are grouped into gains in productive output and reduced treatment costs. Increased 
productivity is derived from reductions in adult and child morbidity and mortality. The patterns 
of morbidity and mortalitv vary greatly. Malaria typically causes adult morbidity and child 
morbidity and mortality. HIVIAIDS causes morbidity and mortality among adults (the effects 
on children were not examined in these studies). The effect of the savannah strain of 
onchocerciasis on adult morbidity and mortality is analyzed while the concern about the forest 
strain of onchocerciasis (third study) is adult morbidity. The studies of dracunculiasis and 
schistosomiasis examine problems of adult morbidity rather than adult mortality. Although it is 
conventional in studies of productivity to ignore children, a study of dracunculiasis in Nigeria 
(fourth study) did note improved school attendance when dracunculiasis was eradicated from a 
village. In the first four malaria studies, child morbidity is assumed to affect productivity by 
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TABLE 18: BENEFITS INCLUDED IN ANALYSIS 

health facilities 

requiring an adult to care for the child, rather than by impeding the child's activities. The variety 
of effects of diseases makes it difficult to achieve consensus on meaningful indicators for making 
comparisons. Reduced treatment cost, the other major categoly of benefit, is less problematic. 
Most of the cost information is from national or regional records of health facilities, but surveys 
may gather information on household expenditures for supplies and drugs. Public good benefits, 
such as the effects of new lands liberated from disease or psychological benefits of reduced 
prevalence of illness, while important, are typically not included because they are difficult to 
measure. 

Data sources for the various studies included in this review are diverse (see Table 19). 
Some types of data are utilized exclusively for a single disease. For example, studies of 
dracunculiasis rely on in-depth interviews and studies of onchocerciasis rely on tax records. 
Unfortunately, interest in collecting useful data for a particular disease from all available sources 
tends to work against establishment of standardized sources to aid in comparisons across diseases. 

Even studies using the same type of source maybe difficult to compare because of technical 
differences. For example, the mere fact that company records are used for malaria in the 
Cameroons, onchocerchiasis in Liberia and schistosomiasis in Tanzania and Brazil does not 
guarantee comparability. All of these enterprises developed record-keeping systems 
independently to satisfy their own needs. 

The goal of finding a common scale on which to measure economic impact is elusive. The 
value of even a tangible product, like sugar cane or rubber, depends on market forces inside and 
outside the country. The estimation of productivity is more complex when there is no tangible 
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TABLE 19: DATA SOURCES 

Case-reporting 1 3  5 5 

Household/community 1 2 3 6 1 2  1 2 3 4 5  
survey 

Inpatient and outpatient 1 2 4 5 1 2 3 4 5  3 5 2 3  5 
statistics 

Tex records 1 2  

Population census 4 5 1 2 3  6 

Vital statistics 1 2  5 1 2  4 5  

In-depth interviews 2 3  5 

Direct observation 4 1 

Macroeconomic 1 2 3 4  1 2 3 4 5  5 
variables .-. 
Agricultural statistics 2 2 6 

Company records 6 3 2 3 4  6 

product in the marketplace. (The second schistosomiasis study raeasured field productivity of 
sugar cane cutters, but not irrigators for this reason.) As noted in the introduction on human 
capital theory, wages are often used to measure productivity, but such an approach ignores 
valuable activities not rewarded by the formal labor market. Many would also argue that 
productivity should not be the sole criterion for ranking diseases, although it is an important one. 

The Ghana Health Assessment Project: A case study 

The usage of healthy life years lost (or healthy days of life lost) to compare diseases in the 
Ghana Health Assessment Project (GHAP) represents one workable compromise for estimating 
economic impact. GHAP has already been introduced as the fifth malaria study; here, it will 
be described in more detail from a methodological point of view. The data requirements for 
GHAP include: (1) annual incidence of the disease; (2) case-fatality rate of the disease; (3) 
average ages at onset and death from the disease and the expectations of life at these ages; and 
(4) the extent and duration of disability caused by the disease and a case-disability rate analogous 
to a case-fatality rate. In this study, healthy days of life lost are the sum of days lost to disability 
and days lost to premature death. Table 20 indicates the ranking for the diseases included in this 
review, based on the Ghana Health Assessment Project -- in rank order, malaria, schistosomiasis, 
onchocerciasis and guinea worm. This type of ranking of diseases and health problems has been 
very useful in planning. The Ghanaian government has used these findings in restructuring the 
nation's health system based on a primary health care strategy (Nimo et al, 1981). 
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GI-IAP's approach has been adopted by others, but not without some modification. In 
GHAP, no productivity weighting of specific ages was applied so that diseascs that kill children 
rank Inore highly than diseases that kill adults. Productivity weights assign the greatest value 
to so-called working ages, often taken to be an interval such as 15 to 59 years, Another problem 
in GHAP is that a day of health today is not given more value than a day of health ten or twenty 
years from now. The standard procedure for incorporating time preference is to discount values 
in the future at a rate typically between 3% and 10% per annum. Assignment of productivity 
weights and discount rates to healthy days of life lost yields discounted productive healthy days 
of life lost. 

As stated in the introduction, there is a need for a balance among different generations: the 
young who will provide future production; the working age who provide support for themselves, 
for the development of the future generation, and for the older dependents; and finally the non- 
working older generation. From this perspective, productivity weighting schemes are designed 
to provide a social adjustment for the inter-intra-generational implications of the concept of 
healthy life years. Indeed, there is no optimal resolution of such issues. 

Other studies have used such modifications to healthy days of life lost. Over ar:d Piot 
(1992) rank the disease burden caused by s~xually transmitted diseases in African cities together 
with the diseases reported in the Ghana Health Assessment Project. Using discounted healthy 
life days lost per capita, measles ranks first and HIVIAIDS ranks second; using discounted 
productive healthy life days lost per capita, HIVIAIDS ranks first and measles ranks second 
(because the productivity weights make the effect on adults relatively more important). In the 

TABLE 20 

first HIVIAIDS study in this review, Over and colleagues estimate the discounted healthy years 
of life saved per case of HIVfAIDS prevented with productivity weights (6.2 years) and without 
productivity weights (8.8 years). The two studies of the Onchocerciasis Control Programme in 
this review also use discounted productive healthy years of life saved. The two onchocerciasis 
reports are instructive in showing disagreements about the components of the calculation. 

However, although estimation of discounted productive life years lost is a useful method of 
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comparing the burden of discuses, it does not directly attach a lnorlctary vuluc to diseuse burtlcn. 
In order to obtain a monetary measure of' lost protluctivity, a common practice is to multiply 
discounted productive life ycars lost by an estimate of averagc unnual income. Unfortunately, 
tlie result is a very crude measurc of productivity that is difficult to defend. I-lousehold level 

I analyses which incorporate roles and activities such as market production, home production and 
social roles would contribute to the understanding of how households cope with disability of its 
members; sucli analyses woulcl have support from itn expanded frarnework for measuring 
production that is the subject of active research. 

Cost-benefit and cost-el'fectiveness 

Policy makers and health planners need to know more than the economic impact of disease. 
An analysis of econotnic impact is designed to identify priorities among health problems only 
as a first step toward obtaining resources for a more refined analysis of resource allocation for 
specific interventions and subsequent program evaluation, The essence of the problem is that 
economic impact studies provide a total, or average per capita, cost of disease, while intervention 
decisions are made at the margin, i.e., the effect of additional resources on reducing the burden 
of disease. Unless the intervention is an eradication program, the reduction in burden of disease 
is less than the total impact of disease. 

There are essentially two types of decisions to be made for ~lealth interventions. The first 
type of question concerns allocative efficiency: Is a particular procedure worth doing? Cost- 
benefit analysis may be used to address this question; this analysis requires that a monetary value 
be placed on both the resource costs and the output consequences of the program in order to 
arrive at a decision. Cost-benefit analysis is useful for comparing development strategies across 
sectors, for example, investment in the health sector or the agriculture sector. Because a 
monetary value must be placed on health outcomes, cost-benefit analysis is analogous to 
economic impact studies with monetary valuation and faces the same difficulties discussed 
throughout this chapier. The second type of question concerns operational efficiency: Of the 
various interventions I'or a disease or health problem, which will have the most impact at the 
lowest cost? Cost-effectiveness analysis may be used to compare the ability of various 
interventions to achieve a specified health objective. Cost-effectiveness analysis is analogous to 
economic impact studies with non-monetary valuation, such as healthy life years lost. 

Cost-effectiveness analysis is more widely used than cost-benefit analysis because of the 
difficulty in assigning monetary value to health outcomes. Barlow and Grobar (1986) identify 
four measares of cost-effectiveness: number of persons protected; reduction in the number of 
cases of a specific disease ("case-years prevented"); number of deaths averted ("lives saved"); 
and increase in the number of healthy years of life. All of these measures lie within the health 
sector, but only the last measure provides a broad conceptualization for analyzing alternative 
health programs with very different kinds of outcomes. "For these situations decision-makers 
must choose between non-comparable outcomes (e.g. disability of workers in comparison with 
deaths of children), or utilize a more comprehensive measure of effectiveness, such as healthy 
days of life lost, which incorporates both morbidity and mortality, to make alternative outcomes 
more closely comparable (Morrow et al., 1992, p.5)". 

Cost-effectiveness for health programs in developing countries is frequently measured in 
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tcrrns of' dollar cost per tliscounted healthy life ycur gair;cd (Jumison ant1 Moslcy, 1991). In 
tlevelopecl countries, tllc an;~logous mcasurc is cost per qunlity-ircljustctl life year (C)AI,Ys) giiincd 
(Mooney and Creese, 1992). Of course, as with ccono~nic irnpilct itsclf, the selcction of cliscount 
rates ;uid productivity weights involvcs value judgments and usually proves to be a source of 
debate. 

CONCLUDING REMARKS 

This report has reviewed current practice in estimating the economic impact of disease. 
While such estimates can be quite useful, they can also be misleading if the dynamics of disease 
are ignored. Other things being equal, a disease whose incidence is increasing sliould be a 
greater priority than a disease whose incidence is stable or decreasing. For example, malaria and 
AIDS in Africa deserve a high priority not only because of their estimated burdens but also 
because of their rising incidences (Brinkmann and Brinkmann, 1991; Chin, 1991). 

The dynamics of disease may also interact directly with the dynamics of development. 
Throughout this report, the goal of disease control has been to remove impediments to economic 
growth, and yet, the development process itself can generate adverse health consequences. 
Jamison and Mosley (1991) present recent evidence for health problems related to rapid 
urbanization and industrialization in developing countries, although the idea that development 
may have unintended or unexpected consequences is certainly not new. One classic example is 
the role that water projects in Africa have played in increasing the prevalence of disease (see 
Table 21). 

If adverse changes can be anticipated, then proper planning may prevent harmful side-effects 
of development projects. An example of a water project which successfully achieved its 
development goals without increasing the levels of disease is the Tennessee Valley Authority 
Waterway in the southern United States. The TVA was a development agency organized in 1933 
which had several objectives: (1) development of a navigable waterway; (2) rese~voir storage and 
flood control; (3) power generation; (4) reforestation; and (5) agricultural development. Malaria 
control was incorporated into the design of the waterway from the outset utilizing environmental 
measures that reduced the opportunity for mosquito breeding (Aron and Silverinan, 1992). It is 
obviously preferable to prevent the occurrence of a disease than to have to assess the burden of 
a disease after it has become widespread. To achieve this aim, Hughes and Hunter (1970) stress 
the necessity of coordinating development activities within a comprehensive ecological 
framework. 

Finally, many value the improvement of health not only as a means to economic 
development, but also as a goal of economic development. In establishing priorities for disease 
control, it would be wise to bear in mind the larger context of issues in economic development. 
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TABLE 21 

Water Development Projects Which Have Resulted In Increased Prevalence in Parasitic Infection h Africa 

Year Disease Change in Prevalence 

Hyh Dam at Aswan 

GHANA Lake Voka 
Akosombo Dam 

KENYA Nyanza Province 

SUDAN Gezira 

1930's Schistosomiasis Data from 4 areas. Prevalence 2-1 1% in 1934; increased to 4475% in 
1937. 

1942 Malaria Epidemic in 1942-43 resulted in 130,000 deaths due to invasion of 
Anopheles gambiae from Sudan. 

1950's Schistosomiasis Low prevalences reported for children (5-10%) in decade before lake 
reached its maximum level; 90% and above in lakeside communities 
after 1968 (150,000 population livifig along Iakeshore) 

Malaria Mosquito sunreys indicate 4-fold increase in house-entry rates in 
inigated areas, but no public healtr~ assessment was made. 

1977 Schistosomiasis Survey in 1976 and 1977 showed an increase in prevalence from 79.4 
to 93.4% in the same population. S. mansoni transmission 
demonstrated for the first time in 1977 survey. 

1950 Schistosorniasis Prevalence of S. haematobium was less than 1% in 1924-44 but in 
1952 it had risen to 21% adults, and 45% in children; S. mansoni 
prevalence was Sol0 in 1947, 8.8% ic 1952, and 86.0% in 1973. 
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ANNOTATED IIIIBLIOGRAI'HY FOR ECONOMIC IMPAC'I' 

Thc rlnnotaled bibliography conlains six scctions: millaria; HIVIAIDS; onchoccrciasis; 
dracunculiasis (guinea worm); schislosomiasis; and cconomic dcvclopmcnt and mcthodology. 
Each scction, numbcrcd scparalcly, contains a list of rcfcrcnccs with abstracls. A fcw rcfcrcnccs 
appcar in more than one scction. Rcadcrs may also bc intercstcd in a 1992 USAID docu~ncnt 
Annotated Riblio~raphy: Cost of AIDS Trcatmcnt, which has bccn preparcd by Andy Thompson 
of AIDSTECHIFamily Hcalth Intcmational. 
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MALARIA 

I ,  AAAS. 199Jr. Malark and I)eveliwmecit in Afrlca: A Cross-Sectoral Apt~roacii. Atr~ericari 
As,soc&tiorr for tire Advnncerricrit r,f Science, Wasiririgton, DC. 

Thils rcport provitlcs rccornmcndalions for thc prcvcntion imd control of malaria in 
sub-Sahara11 Africa. Thcsc rccommcndations should assist thc sctting of policics and of priorities 
for invcsttncnts in malaria control in the rcgion by thc U.S. Agcncy for lnlcmational Dcvclopmcnt 
(AID) ilnd olhcr ir~lcmational dcvclopmcnt agcncics, as wcll as minislrics and scientific institutions 
in Africa, ;md others conccmcd with African dcvclopmcnt. Thc rcco~nn~cndations of the rcport 
arc as follows: (I) broadcn thc attack on malaria by strengthening cross-scctordl cooperation for 
malaria control; (2) ulilize a cross-scctordl approach and resources to combat malaria associated 
with dcvclopmcnt efforts; (3) strcngthcn local capacity, including dcvr;loping cross-sectoral 
approachcs; (4) utilizc a community-bascd approach in order to sustain rflalaria control; (5) raise 
global awarcncss of thc magnitude of the malaria problem in sub-Saharan Africa; and (6) 
cncouragc innovative approachcs to malaria prevcntion and control. Thc results of this study offer 
promise for a social, bchavioral, and environrncntal approach to malaria control. 

2. Audibert, M. 1986. Agricultural non-wage production and healtit status: A case study in a 
tropical environment. J. De v. Ec. 24.9 75-291. 

This study attempts lo assess the effect of health status on the productivity of ag.icultural, 
non-wage workers. The author suggests that studies of productivity of self-employed peasants are 
important for two reasons: ( I ]  increases in agricultural production in developing countries will rely 
on the output of small peasants for some time to come; and (2) study of the relationship between 
health status and labor productivity could be biased if based only on the experience of 
wage-earners. The situation examined is rice-glowing introduced into Mayo Danai, Northern 
Cameroons with a hydro-agricultural plant fiinded by the World Bank. Data are collected from 
surveys of rice-growers and from records of the public company responsible for managing the 
project. The formulation of the model of analysis considers interrelations between determinants 
of the level of rice production and specific conditions of measurement of the variables. The 
output of each rice-grower depends on the level of technology (determined by the public company 
responsible for management) a.nd on these inputs: cultivated surface, fertility of cultivated soil, 
amount of labor devoted to rice-growing and the quality of labor. The differences between the 
rainy season and the dry season are also important in determining output. Only a single production 
function is estimated, b\;t possible competition with production of millet is investigated. Findings 
of this study include: ( I ;  rice output incrsases at the same rate as the cultivated surface and the 
fertility of the soil when all other factors are controlled for; (2) rice output is negatively related 
to the duration of trms?llanting (the shorter duration of transplanting insures that all plants are at 
about the same level of maturity which is very important during the imgation of paddy); (3) 
progressive training (experience) in rice-growing is significantly related to level of output; and (4) 
the marginal effect of parasitic endemic disease is not negligible--a 10% increase in the prevalence 
of schistosomiasis (S. hacmatobium) results in a 4.9% decrease in output. However, neither 
prevalence of malaria (P. falciparum) nor millet production is significantly related to rice 
production. 
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Ilratllcy, I). J. 1991. Morbidity arid niortality nt Pare-Tnvefn, Kerrya aritl Tatizrmiu, 1954-66: Tire 
cflects ( f a  period (fl rtiularia coritrol. In: IPisetrse arid Mortnlitv itr Sub-S~haran A.fr& edited 
I)y I;eaciretti, K.C. ~ t r d  D.T. Jamisorr. World Ilarik, Ovord U~iverslty Press, Mew York, pp. 
248-263. 

This is a rcanitlysis of it longitudinal study of hcalth in an African colnmunity living on 
thc bordcr of Tanzania arid Kenya. Thc usefulness of re-examining this sludy lics in Ihc fact that 
data arc available lo mcilsurc not only thc cffzcts of introduction of a major malaria intcrvcntion, 
but also lhc cffccls of withdri~wing Ihc intcrvcnllor~. Thcrcforc, thcsc data providc oubtanding 
causal information conccming the cffccls of discasc control programs. Initially there wcrc two 
goals of thc Parc-Tavcva projcct: (I) asscss the public hcalth importance of malaria in relation to 
othcr cndcmic discascs in a specific communily, and (2) dctcrminc if malaria transmission could 
bc stoppcd by sprayings with rcsidual insccticidcs. Thc most important information from 
Parc-Tavcta may bc thc cffccts obscrvcd on child mortality--statistically significant falls in the 
crudc dcath ratc and thc infant mortality rate as well as increases in Lhc crudc birth rate were 
rccordcd for the ycars 1955- 1959. The improvements in child mortality (agcs 1 to 4 ycars) wcrc 
rcvcrscd when the control program was removed and transmission resumed, although effccts on 
mortality at othcr ages (cven infant mortality) showcd no such reversion to previous levels. The 
cffccls of malaria on morbidity were measured through various indicators of hcalth status. The 
only positive changes in hcalth status with antimalarial activities were increases in hemoglobin 
levels (relieving the anemia due to malaria) and establishment of normal levels of serum proteins, 
such as albumin and gamma globulin. All other measures of hcalth status, including 
anthropomorphic data and the presence of hclminth infectio~s, showed no difference between 
protected and malarious populations. Surprisingly, malaria control rcduced neither attendance at 
outpaticnt hospital departments nor the proportion of cases ascribed to malaria. However, data 
from sisal plantation dispensaries showcd a decline in the proportion of visits due to "malaria" 
(from 16.2% to 4.0%), while annual attendance for any cause actually rose during the same time 
p e r i ~  (Cmm 6.9 to 8.4 visits pcr person per year). 

Brinkmann, U. and A. Brinkmann. 1991. Malarla and healtit in Africa: The present situation 
and epidemiological trends. Trop. Med. Parasitol. 42:s204-s213. 

This article draws attention to the fact that WHO does not provide data on malaria in 
Africa due to the "insufficiency and irregularity of reporting," and that estimates of the total 
number of cases and tile number of deaths range from 35 million to 189 millivn per year. An 
intensive literature search of epidemiological studies of malaria produced information on the 
current situation and epidemiological trends in Africa. About 60% of the population of 
sub-Saharan Africa lives in the humid tropics, which constitute areas of stable malaria 
transmission; individuals acquire protective immunity by the age of five. Seasonal transmission 
occurs only during the wet season in the savanna and sahel regions of sub-Saharan Africa, which 
contain about 30% of the population; individuals acquire immunity at a later age (10 years) and 
may lose the immunity during the dry season. The rest of the population of sub-Saharan Africa 
(10%) lives in areas of high altitude or urban areas, both of which have unstable malaria 
transmission and are subject to epidemics. Malaria is responsible for about 40% of fever cases, 
mortality is about 5 per 1000 per year, and case fatality ranges from 2% to 24%. Admissions for 
malaria account from 20% to 50% of all admissions, although only 8% to 25% of persons with 
malaria visit health services. Self-treatment is more common in uban areas (more than 60%), but 
an increasing number use some form of self-protection in rural areas (2% to 25%). Chloroquine 
resistance has reached a prevalence of about 30% at the MI Level in most countries. For four 
countries, Togo, Rwanda, Burkina Faso and Zambia, data are avail3ble on ~e number of malaria 
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cascs pcr 1000 inhi~hiti~nls pcr ycilr ovcr scvcral ycars. Thc growlh ralcs of annuill incidcncc iIrC 
7.3(#, for Ziunbii~, 10.4% li)r 'l'ogo and 2 1 .O%, for Rwi~ndi~. Thc data for Burkina F%so sliow il 

(lownwanl trcnd of - 14.7(#, from 1973 to 198 1; sincc 198 1 ,  malaria incidcncc has bccn incrcasing 
a1 11.0%, pcr ycilr. Ilospital tlirta froin Za~nbia indicatc t l l i~ l  morti~lily is incrci~sing at ii ralc ol' 
5.2% pcr ycar in chiltlrcn ant1 ill ii ralc of 9.7% pcr ycar in atlulls. Thc incrcascs in rhc riumbcr 
and scvcrity of cases in Africir ;ire duc lo many factors. Rcsistancc to anti~nalarial drugs is 
increasing so that sclf-trci~tnicnt may bc insufficicnl. As populnlions movc, individuals arc placcd 
in transmission zoncs whcrc thcy have no immunity lo the local stri~ins of parasites. Thc usc of 
insccticidcs in agriculture has crcatcd rcsistant vcctors (anophclinc mosquitoes) and has eliminatcd 
competitors and prcdaton: of vcctors. All of thcsc factors are linkcd to dcvclopmcnt. 

5. Ettling, M.B. arid D.S. Slrepard 1991. Ecorrornic cost of malaria in Rwanda. T r o ~ .  Med. 
Parasitol. 42:s214-s2 18. 

A conccptual framcwork for estimating the cconomic costs of malaria is described ilr, the 
Shcpard et a1 (1991) papcr in this supplcmcnt of Tropical Mcdicinc and Parasitology. Using this 
conccptual framcwork, thc direct and indirect costs of malaria in Rwanda arc analyzcd from tnrec 
pcrspectivcs: the national cconomy of Rwanda (cxprcsscd as GDP); the Ministry of Health 
(MOH), which is rcsponsiblc for providing hcalth scrviccs to thc population; and the individual 
household, which expcnds time and incomc due to illness of its membcrs. 

Thc incidcncc of malaria in Rwanda has risen cightfold sincc 1979; in 1989, one in every 
five Rwandese had a malaria attack that was severe enough to warrant attendance at a health 
facility. The primary health care syslem is extensive and well-utilized by the people; however, 
there is often a shortage of antimalarial drugs at rural government health facilities. In 1986, 
chloroquine was absent from Ihc shclves 20% of the timc; as chloroquine resistance becomes more 
important, shortages of other antimalarials, which are much more expensive, exacerbate the 
problem of treatment. Direct costs of malaria are estimakd for both public and private 
institutions: $4,000,000 for all facilities, and $2,000,000 for public facilities (representing 19% of 
the MOH budget). Based on information from the MOH, 85% of malaria cases seek treatment in 
health facilities, 10% purchase drugs from pharmacies or other market vendors and about 5% use 
traditional treatments. The direct costs of malaria incurred by households include: (I) costs for 
treatments outside the health facilities; (2) out-of-pocket expenses incurred even when cases are 
treated inside a health facility (these expenses may represent expenditure of from 4 to 37 days of 
individual cash income); and (3) drug costs for patients treated within health facilities. The 
combined direct costs of malaria in Rwanda for 1989 is estimated at $4,438,361. The average 
direct cost per case is $2.58; the average per capita cost is $0.63. 

Indirect costs are based on the value of adult (age 15 or older) time of $1.01 per day 
(corresponding to an average yearly adult product of $369). The cost of premature death from 
malaria was estimated through a discounted productive life expectancy (DPLE) in which 
productivity counts from age 15 onwards and the discourit rate is 5%. The DPLE, calculated for 
five age groups on the basis of malaria mortality data, is multiplied by the average yearly adult 
product. The cost of premature death in 1989 was $11,800,668. Illness time also contributes to 
the indirect costs of malaria. Adult productive time is lost due to malaria in various ways: adult 
hospitalized days; attendance of hospitalized child; days of work lost at home (estimated to be 
three days per adult case); and home care of an ill child (estimated to be one adult day of 
productivity per child case). The indirect cost of illness time in 1989 was $4,080,480. The total 
indirect cost of malaria in 1989 was estimated at $15,900,000. The average indirect cost of 
mal~via per case was $9.24; the average indirect cost per capita was $2.25. The total economic 
cost per case was $1 1.82; the total economic cost per capita was $2.88. 

The number of malaria cases and deaths is expected to increase annually by 2 1.1 %; costs of 
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tlrugs iuitl supplies ;Ire ;~ssurrlctl lo qu;rtl~uplc tluc Io chloroq~rinc rcsistilncc ;rrltl currency 
tlcvnl~i\tio~~. Tlic costs of n\irli\ri;\ arc cxpcctctl to incrci~sc whilc lllc MOiI butlgct is shrinking 
cluc lo economic criscs. By 1995, nlill;lri;r is pro~cclctl lo cost 2.4%) of ll~c Kw;~ntliin GDP, 
cxeccrb;~ling ;In i11rc;rdy serious i~l~pact. 

flnrrrr~~cr, J.S. 1991. Ecorromic,s nrrd M(r1nric: Dlsecr!;e Impnct rrrrd IJol!cy Hatiotmle. (UnPub) 

The i~uttlor rcvicws how lhc burtlcrls of pain, suffering, and death causcd by malaria arc 
tri~nslatctl into linancial tcnns. This rcvicw inclutlcs a discussion of Slicpard et al's 1990 rcporl 
from thc Vcclor Biology iind Control Projcct on thc economic impact of rnalaria in Africir. Thc 
aulhor poi~its out that currcnt calculrilions of thc burden of discasc arc scvcrc undercslinialcs of 
the truc costs bccausc propcr mcasurcincnt of thcsc costs rcquircs a conccrtcd rcscarch cffort. 
Discasc control can bc justificd for thc following cconorllic rcasons related to Ulc fidlurc of 
markcts: ( I )  most control activities arc public goods; (2) consumcrs often lack information about 
thc valuc of prcvcnlion and available care; and (3) povcrty alleviation schc~ncs an: needed to 
corrcct inequities in outcomes. Cost-cffcctivcncss is no1 relcvanl for summary judgmcnls over 
wholc discascs or typcs of policics; ralllcr, cost-cffcctivcncss is nlcvant to thc evaluation of 
specific projccts whcn you know spccilically what resources you iIrc putting in and what results 
you can gucss will come out. 

Hunter, J.M., L. Rey and D. Scott. IY82. Man-made lakes and man-made diseases: Towards 
a policy resolution. Soc. Sci. Med. 16:1127-1145. 

The risk of spread of parasitic infcctions associated with thc development of water 
resources has bccn strcsscd many timcs. Thc conditions most frcqucntly listcd as being apt to 
sprcad in tropical zones arc schistosomiasis, malaria, bacterial and helminthic intestinal infections 
and arbovirus infcctions. Thc pressurc of population increase in Ihe developing world demands 
an cxpansion of agricultural production that is achieved through intensification of water 
impoundment and irrigation. The typical sectoral dichotomy in which a department of agriculture 
creates a disease outbreak through its development activity, leaving its counterpart department of 
public health to cope on a curative basis, is strongly deplored. Disease prevention measures 
should be integrated with development projects from the beginning; infrastbuctural investment and 
operational costs for hcalth maintenance should be incorporated into the total cost-benefit analysis. 
A communications network is proposed to create an international register of water development 

8. Lennox, .R.W. 1991. Malaria in Mrica: Tire need for economic analysis. Trap. Med. Parasitol. 
42x198. 

This article is an introduction to the Tropical Medicine and Parasitology supplement that 
addresses the economic costs of malaria in Africa. The author points out that, even in the times 
whcn researchers and policy-makers believed in global eradication of malaria, Africa south of the 
Sahara was not part of the plan due to lack of infrastructure. Currently, shrinking development 
budgets from donor agencies as well as problems such as mosquito vector resistance to 
insecticides, parasite resistance to chloroquine, and changing population dynamics continue to 
discourage more decisive action. This supplement addresses the losses due to malaria in purely 
ecoriomic terms, considering malaria as an impediment to development. The costs include 
premature death, transportation to seek care, lost time from work, and fees paid for remedies of 
dubious value. However, the imr/dct is difficult to measure in the context of labor shortages, 
seasonal outbreaks and the responsibilities of extended families. The articles in this supplement 
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rcflcct an cfli~rt lo cslioli~lc Ihcsc: cosls I)y i~pplyi~~g ;I vi~ricly ol'ccononlic ~rlorlcls lo cxisli~lg tliili~. 
I;c~turc work will iitltlrcss mi~cn)cconorrlic issucs irr~tl [lie infor~r~nlion giritlctl will I)c usctl lo choosc 
bclwccr~ vilrious tlcvclop~ncnt i~llcrrlirtivcs. 11 is suggcslcd llliit this irpproirch will l;rkc "... n~irlarii~ 
out of iin cnlircly Iiunlirnili~rii~r~ co~~lcxl ieltl inclutl(cl i l  ill 111c Iirrgcr I'rirtncwork ol' slrirlcgic 
pliulning for hcallhicr economics," 

9.  mill,^, A J .  1987. ficono!rric Strcdy r! f Mnlaria in Nepal: The Cost-13 ffectivcness r! f M111aria 
Cotrtrol Strategies. tivalutrtlorr nrrd I'lanrritrg Cerrtre f i r  Health Care, J.oridori Sclrool of 
fiyglerr e arrd Tropical Medlcirre. (UriPub) 

This rcport prcscnts thc rcsulls of a cost and cost-cffcctivcncss ilnalysis of malaria conlrol 
in Ncpal, paying particular altcnlion to Ihe cosls of spraying and casc dclcclion and Ircalmcnt, anti 
to the rclativc cost of unintcgralcd and intcgratcd pallcms of orgarriziition. An analysis of Ihc 
1984 rccurrcnt cxpcndilures of tlislricls of ll~c National Malaria Eratlicalion Organization (NMEO) 
foulid that per capita costs varied widcly ovcr lhc country. Pcr capila cosls of casc dclcclion and 
treatmcnt in thc NMEO districts wcrc two lo hrcc times Ulosc in intcgralcd districts. Howcvcr, 
becausc rclativcly fcwcr slides wcrc takcn and cascs dclcclcd in intcgntcd districts, thcir costs pcr 
slide and pcr case tendcd to bc yuilc closc lo thosc of NMEO districts. A variety of 
cost-cffcctivcncss ratios arc calculated. Present govcmmcnl control costs arc not fully 
conipcnsatcd for by savings in cstimatcd govcrnrncnt trcatmcnt costs that would bc i n c u r ~ d  in the 
abscncc of control. If savings in cstimatcd private treatment costs arc added lo govcrnmcnt 
treatmcnt cosls, nct savings rcsult at a lcvc! of cascs bctwccn thc low and thc high estirnatcs. 
Inclusion of lost work days has a dramati; effccl, rcsulting in large net savings. The 
cost-effectivcncss ratios are particularly sensitive to assumptions on the casc Fatality ratc, age of 
death and value of lost lifetime earnings due to dcath from malaria. Firm conclusions on thc 
relative advantagcs of intcgrated and unintcgralcd forms of organization were not possible in the 
abscncc of better evidence on thcir relativc cffcctivcncss in controlling malaria. Howcvcr, it 
appeared that integrated districts were cheaper at low levels of malaria (because the uninlegratcd 
districts have high fixed costs where staff time in integrated districts is diverted to malaria whcn 
necessary), but that their costs rapidly approached those of the NMEO as cases rose. 

10. Najera, J., B. Liese and J. Hammer. Malarfa. 1992. In: Health Sector Priorities Review, edited 
by Jamison, D.T. and W.H. Mosley. World Bank, Oxford Universily Press, New York. (In Prep) 

This paper is part of a review of health sector priorities recently undertaken by the World 
Bank. The focus of the paper is on the public health significance of malaria and on the cost and 
effectiveness of currently available technologies for malaria prevention and control. The most 
critical activities that could accelerate the progress in malaria control are: (I) reassessment of 
programs in countries of Asia, the Americas and North Africa; and (2) extension of coverage of 
population by the health care system in countries of Africa south of the Sahara. Top priorities are 
the development of human resources to staff control programs and the development of new 
antimalarial drugs and potential vaccines. 

11. Nimo, K.P., V. Agadzi, R. Asante, R. Biritwum, C. Jones, R.J. Morrow jr., A. NeiU, K. Nelson, 
J. Owusu, K. Saakws-Afante, P.G. Smith and F.  Wurapa. 1981. A quantitative method of 
assessing the health impact of different diseases in less developed countries. Int. J. Epi. 
10:73-80. 

The impact of disease in a community is measured by the number of healthy days of life 
lost through illness, disability, and death. This measure requires estimates of the following for 

56 Economic ~mpac t  i 



c;lcIl t~is~ilsi;: iflcitlcllc~ rille; CiISi: fill;lIily r'illc; ilVCr;lg(: iIgC ill OtlSCl i111tI ( I ~ i l l l l  illl(1 C X ~ I C C ~ ~ I ~ ~ O I I S  Of 

lili: ill ll~csc crgcs; iuitl cxrclll ;rrwl  tlurallt .!I of illr~css iiiltl tlisi~bilily. Mulliplc fiourccs of tl;~lir arc: 
usctl in Ihc anirlysis: cc~isus tli~l;~, c,rusc of tlcalll as rcconlcd on dci~lll ccrtll'ici~lcs, inl~irlicnt ilntl 
oulpi~licnt sl;rlisIics, ilntl spccii~l surveys. 'I'hc ahovc t~~cirsurcs wcrc csli~nr~tcd for ;rhoul SO CiIuScS 
ol'tlcall~ tlcc~~lctl ie~port;lt~l in Ghi~ni~ by llic C;lia~~ir llcitllh Asscssinctil. Projccl Icirln. 'rhc discascs 
ant1 hcallh problctns wcrc tllcn rirnkcd in ielp)rlancc hasctl on lllc hcallhy tli~ys of lil'c lost, 
M;rl;lria ;~ccounlctl for 10.2(% of hci~lll~y (lays of lifc lost, llic Inrgcst pcrccnlagc for irny singlc 
cliscasc. Allliough thc rru~king is uscful infomalion, decisions regarding priorities should favor 
progriuns which mosl rcducc lhc burden of illness, tlisability, and dcalh for a givcrl unit of cost. 
A progrirm miry sirnull;lncously rcducc thc cl'fccts of liiorc Ih;m one discasc, and a particular 
discasc may bc affcctcd by morc Ih;m onc progr;un. This point is illustriilctl by a cornp~rison of 
two progriilll!; lo treat mcaslcs--vaccinations and outpatient c;lrc for paticnls with mcaslcs. Sixlccn 
linles as Inany days of healthy liSc arc savctl by thc itntrlunization program. 

12. Oaks, S.C., V.S. Mitchell, G.W. Pearsorr and C.C.J. Carpenter, eds. 1991. Ilfalaria: Obstacles 
and Ollr,ortunities. Irislitute rf Medicine, National Acderny Press, Waslilrigtorr, DC. 

Against thc backdrop of a worsening warldwitlc malaria situation, lhc instilule of 
Mcdicinc was asked to convcnc a multidisciplinary comn~ittcc to asscss thc current slalus of 
lnalaria rcscarch and control and lo makc rccom~ncndations to lhc U.S. govcmmcnt on promising 
and fcasiblc slratcgics to addrcss Uic problcm. During the 18-month study, lhc commitlec 
rcvicwcd thc stalc of the scicnce in the major areas of malariology, idcntificd gaps in knowledge 
within cach of thc major disciplines, and devclopcd recommendations for fulure action in malaria 
rcscarch and control. A major finding of the committcc is the need to increase donor and public 
awareness of the growing risk presented by thc resurgence of malaria. Ovcrall, funding lcvcls are 
not adequalc to meet the problcm. The committee bclievcs that funding in the past focused too 
sharply on specific tcchnologies and particular control strategies. Future support must be more 
balanced. The issue for prioritization is not w'rether to select specific technologies or control 
strategies, but lo raise thc priority for solving lhc problcm of malaria. This report highlights those 
arcas which the committee believes deserve the highest priority for research or which should be 
considered when U.S. support is provided to lnalaria control programs. 

13. Sauerborn, R,, D.S. Shepard, MB. Ettling, U. Brinkmann, A. Nougtara and HJ.  L)&sfeld. 
1991. Estimating the direct and indirect economic costs of malaria in a rural district of Burkina 
Faso. Trotr. Med. Parasitol. 42x219-s223. 

This paper builds un ? conceptual framework for estimating the economic costs of malaria 
as described in the Shepard et al (1991) paper in this supplement of Tropical Medicine and 
Parasitology. This paper emphasizes the importance of seasonality of epidemiology and of 
seasonal variation in productivity in estimating the economic costs of malaria. Information 
necessary for these estimates is not generalll. ;wailable from health information systems, national 
or project budgets; as a result,the cost aniiiysis based only on these sources will underestimate 
household out-of-pocket costs and loss of household production. This study combines a household 
survey with other economic data to generate more reasonable estimates of costs of disease in 
Burkina Faso --direct costs of treatment and indirect costs of lost productivity. The majority of 
edar ia  episodes (80%) in Burkina Faso are treated at home or by a traditional healer. The 
majority of patient expenditure for professional care is made up of drug costs and transportation 
costs -- which would not be included in service reports. Aggregate economic data also fail to 
capture the seasonal variation in the opportunity cost of time lost to disease. A survey of 626 
households in Solenzo District, Burkina Faso was conducted in 1985 in order to obtain a true 
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csriolirlion ol' lllc burtlc~~ of 111i1li1l.iit on fiuailics in lcrirls ol' tlircct cosls ;riltl ir~tlircct cosls. Oli~cr 
tlalil sources itrc ;tlso utilixctl in this study: (I) ni~lionirl tlcitll~ rcporling syslcni lo tlclcnni~~c Ihc 
scasonnl pittlcnl of ~nirlitriir; (2) nlirrkct priccs to V ~ I I U C  firr~n protluclion (cotton, millcl i ~ n t l  

sorghum) ant1 non-l'ann protluclion (~nillct bccr ant1 straw III~IIs); (.?) Ministry ol' Agricullurc dirla 
lo cslinlatc irnnual oulput of agricullural products; and (4) butlgct data to csti~no:c cosls of hcallh 
scrviccs usctl. The cconomic cost pcr casc avcragcd $5.96, of which $1.35 wit!/ dirccl costs. Thc 
cconomic cost pcr capita was $1.15, of which $0.26 was dir- :t costs. 

This study suggcsls thrcc policics that will rcducc rall burdcn ol' mirlaria. Fi rst. 
prevention of childhood deaths from malaria wo4 r *' . impact on indircct costs of  
tliscasa. Difficullics in prcvcnting childhood (' ai..,; fro.* ~11c fact that most cpisodcs of 
malaria occur in thc rainy season whcn access to Ir ,IIh scrvicss is morc problematic and adult 
limc rcquircd to obtain hcalth carc for childrcn is more costly. Sccond, shortening the duration 
of discasc through administration of immcdialc and cffcclive tr?tmcnt wcruld rcducc costs. 
liolnc-based trcatnlcnt protocols designcd for nlothcrs or carctakcrs would improve thc rate of 
treatment, Third, policy should aim for a major reduction in the cost of drugs, sincc many 
patients purchase drugs in private pharmacies. This could bc accomplisl~ed through a revolving 
tlmg fund at the community Icvel. 

14. Shepard, D.S., U. Rrinkmann, M.B. E'ttling and R. Sauerborn. 1990. Econoyic Impact of 
Malaria in Africa, Vector Biology and Control Project. (UnPub) 

This report is a fuller discussion of the economic impact sf  malaria in Africa that appears 
in Shcpard et a1 (1991) in thc supplement of Tropical Mcdicisx and Pa.rasitology. First, it 
documents that malaria consistently ranks highest as a cause of illness. For example, it cites the 
finding from the Ghana Health Assessment Project team's analysis of 1975 data that malaria 
caused the largest loss of potential days of life [see Nimo et all 19911. Second, it documcnts tillat 
the number of cases and deaths from malaria has been increasing during the past decade [see also 
Brinkman11 and Brittkmann, 19311. 

This study focuses primarily on two categories of economic impact: (1)  direct costs, which 
are costs of treatment and control; and (2) indirect costs, which are the value of lost income due 
to morbidity and premature mortality. A final category of impact would be intangible effects, 
representing the discomfort of being ill or of knowing that a loved one is ill, but this category has 
not been included due to lack of data. Since the- are no data available to assess the economic 
impact of malaria in Africa as a whole, four national or sub-national case studies are presented: 
Rwanda; Burkina Faso (Solenzo District); Chad (Mayo-Kebbi District); Congo (Brazzaville). 
Costs are represented in terms of cost per case, cost per capita and percent of per capita gross 
domestic product. For sub-Saharan Africa overall, the current (1990) cost of malaria averages 0.6 
percent of GDP and is projected to double to 1.1 percent by 1995. By comparison, the entite 
budget for the Ministry of Health of Rwanda was only 0.9 percent of GDP in 1988. Thus, the 
total direct and indirect costs for this one disease outstrip the public resources available f ~ r  all 
diseases. Effective malaria control measures would have a substantial payoff, Studies of 
economic costs of illness would allow donor and host country officials to demonstrate the value 
of selected control strategies through cost-benefit analyses. For example, a program to provide 
insecticide-impregnated bednets to children might have a per capita annual 7ost of $0.62, but 
could reap economic benefits of $1.08 per capita per year. For an average area in sub-Saharan 
Africa, an expnditure of up to $0.20 per capita is economically justified if it achieves only a 10% 
reduction in the cost of malaria. A complete understanding of the mechanism and the magnitude 
of malaria's economic impact will require further research. 
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15. Slicp(~rt1, I).#., M.11. 1Sttlftig, [J, llrftikt~iutiti and K. ,Sauc)rlrorti, IYYI. l'lic) ecotro~rrfc cosl q f  
ttralarla I N  qfdcu. f i  rw. Metl. I'rrrtrsitoC, 42:,vlYY-s20.7. 

l'hc ccononlic impact ol'~l~alarin can hc groulxtl irrto tl~rcc \)road ci\Icgorics: tlircct costs, 
it~dircct costs, irntl inlangiblc cllkcls  or^ hci~llh. Dirccl cosls arc tlcllr~ctl irs tlircct tlririns on 
intlivitlui\l, liouscliol(l, ant1 govcmmcnt rcsourccs brouglll ahout by cxpcr~diturc on Ilic trcirl~llc~~l 
irnd prcvcntion of malirri;~, lritlirccl costs inclutlc losses lo ir~tlividuirl, houscllold, and niilional 
protluctivity tluc to malaria. Mirlaria's intirngiblc cconornic itllpircl on hcitllll is cxpcricncctl as 
lowcr quality of lifc. 

'Thc st!ldy atlapls a frarrrcwork Ibr asscssi~ig UIC cconornic costs of illncss lo thc limilcd 
di~ta nvailablc on malaria. Thc jimilcd rnodcl include!; lhc dircct cosls ant1 intlircct cosls of illncss, 
Dircct costs of illncss arc Ihc costs of lrcalnlcnt and control activities ant1 indirccl costs arc thc 
valuc of limc lost to lnorbidity and prcmatclrc mortality. Dircct cosls wcrc cstimatcd by applying 
thc avcrigc csilimatcd hcallh systcms costs pcr casc to thc nurnbcr of cascs. lndircct costs wcrc 
asscsscd by multiplying adult oulput pcr day tirncs thc cstirnatctJ productive limc lost Ihrough both 
adult and childhood cascs. Four casc sludics (Rwanda, Solcnzo mcdical dislrict ol' Burkina Fasa, 
Mayo-Kcbbi district of Chad arrd Brazzaville, Congo) wcrc choscn lo illuslratc the diversity in 
kinds of dala which can bc uscd (aggregate national licalth stitistics vcrsus household surveys) 
and in locations (urban vcrsus rural). Estin~atcs for all sub-Sahi~rdn Africa werc dcrivcd from thc 
avcragcs of thcrsc sitcs. In 1987, a case of malaria cost $9.84 (in 1987 U.S. dollars) -- $1.83 in 
dircct costs and $8.01 in indircct costs. 'I'hc cost is cquivalcnt to 3.3% of the avcragc valuc of 
goods and scrviccs pmduccd per capita per year in Africa. By 1995, thc avcragc cost of a malaria 
casc is pmjcctcd to risc to $16.40 (still in 1987 U.S. dollars) duc lo increasing case severity and 
chloroquine rcsistance. At the sane time, per capita output is predicted to dcclinc, so the burden 
will rise lo 5.8% of pcr capita annual output. For Africa as a whole, the annual cconornic burden 
of malaria was $0.8 billion as of 1987 and will rise to $1.7 billion in 1995; it represented a 0.6% 
share of GDP prleviously and will represent a 1.0% share for 1995. 

Anderson, R.M. 1991. AIDS and its demographic impact. In: Disease and Mostalit~ in 
Sub-Saharan 4E.ic6, edited by Feachem, R.G. and D.T. Jamison. World Bank, Ovord  
University Press, New York, pp. 214-220. 

This chapter reviews some preliminary results of attempts to model the demographic 
impact of AIDS. Mathematical models use demographic data, epidemiological data on 
transmission of !2i V-1, and data on the key epidemiological parameters of the disease. The key 
epidemiological parameters include: pfrcentage of persons infected who develop AIDS; incubation 
period for those infected; likelihood for vertical transrnission in utero, during childbirth and during 
breastfeeding; effect of other genital infection in promoting transmission; degree to which 
infectiousness changes throughout the incubation period; and the rate of change in sexual partners 
and the types of sexual behavior occurring in specific communities. Analyses of these simple 
models reveal three important predictions: ( I }  AIDS is predicted to be able to reverse the sign of 
population growth rates; (2) the time scide of this reversal is predicted to be long, on the order 
of many decades; and (3) whether or not AIDS will decrease or increase dependency ratios 
depends critically on the values of the major demographic and epidemiological parameters 
prevailing in a community. The author states the need for more precise models, and the potential 
for more accurate data from longitudinal studies. 



'I'l~is pirpcr cxaliiil~c!; irvirilirhlc rl;rl;r on ll~c ir~citlcl~cc i1t1(1 S I I T C ~ I ~  oI' I IIV/AILIS it1 Al'ric;~. 
Asscssirrcr~ts ol' the i~trpiict of tlrc sprcir(l ol' AIDS or1 Al'ric;rn populirtion growth i r t ~ t l  c co~~or~~ ic  
pcrSonn;rt~cc irrc tllcrt ol'fcrctl. 'I'hc tliscussiotr of Illc cost ol' A1I)S is hirsctl litificly on Ovcr el ill's 
(1988) irn;tlysis of Tanzania ant1 Zirirc. Long-run ccor~omic considerations ol' savings in t l  
invcstr~lcr~t rcccivc pirrticulirr i~ltcntion. Rural tlcvclop~ncnt is cmphirsixctl in pirrl bc~iiusc 1IIV is 
lcss prcvirla~t in rural itrcas, /However., rurril crrccrs mi,qht foe1 the hruttt cf the AIDS epidtlntic I)y 
2015 (Way atld Stcrtrcckl, 19!)1)./ Evc~~Iu~II conln)l of Ihc discirsc rcquircs incrc;rscd contloar usc 
i~ntl rctlucctl nurnbcrs ol' scxuiil pirrincrs. 

Carall, M. and P. Plot. 1989. l l l V  i~ectiorr ill developlrtg cuuritrles. J .  Riosoc, Sci. 
S l  O:s35-#SO, 

This rcport tlcscribcs thc cpidctr~iology ol' AIDS in Afric;~ irnd thc Caribbcirn iIS of 1989. 
Studies of risk factors in hctcroscxual tl'ansn~ission, blood transfusions, injections ilnd 
scarificalions iis wcll as pcrinatal transmission arc rcvicwctl. Thc stxiological background for 
hckroscxual bchavior in Ccnttal Africir and East Africa is charictcrizcd as traditionally strict in 
limiting fcnlillc prc-marital and cxtra-marital scxual intcrcoursc. Urbanization and Ihc availability 
of prostitutes arc considcrcd important in loosening rcstriinls on.scxua1 intcrcoursc. Howcvcr, 
varicbility in behavioral pattcms is ackncrwlcdgcd. 

Center for International Research. 1991. Recent IIJV Seroprevalcnce Levels by C o u n t  
February, 1991, U.S. Bureau of the Census, Washington, DC. 

This rcport prcscnts data from HIV seroprevalence studics compilcd by thc Centcr for 
International Research of the U.S. Bureau of the Ccnsus. Scvcral criteria are used to minimize, 
but not elinhate, biases in seroprevalence estimates: (I) larger samples are generally favored over 
smaller samples; (2 )  more recent estimates are selected over older estimates; and (3) 
better-documented data are selected over poorly-documented data. High-risk groups sampled 
include prostitutes and STD clinic patients. Low-risk groups include pregnant women and blood 
dcnors. Four maps show HIV seroprevalence for both risk groups in urban areas and both HIV 
types (HIV-1 and HIV-2); shading on the map is at thc country level although the prevalence 
estimates are not based on a national sample. The prevalence studies on which the maps are 
based are listed. 

Cllrin, J. 1991. The epidemiology and projected mortality of AIDS. In: Disease and Mortalfly 
in Sub-Saharan Africa, edited by Feaclrem, R.G. and D.T. Jamison. World Bank, Oxford 
University Press, New York, pp. 203-213. 

This report reviews the current HIVIAIDS epidemic in Africa and provides short-range 
projections (5 to 10 years) of its potential impact on mortality rates and demographic patterns in 
sub-Saharan Africa. At the end of the 1 9 8 0 ~ ~  the HIV/AIDS epidemic in Africa was most severe 
in central and eastern Africa but was also extending to adjacent countries of southern Africa and 
into West Africa. Projections of the demographic impact are based on a Global Programme for 
AIDS (GPA) model that utilizes HIV serological survey data and observed annual progression 
rates from HIV infecrion to the development of AIDS. By 1992, the cumulative total will be 
about 1.5 million AIDS cases and deaths. During the early to mid-1990s. most countries in 
sub-Saharan Africa can expect large increases in mortality for chiidren under 5 years of age and 
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irtlulls I)clwccl~ llic ;~fics ol' 2 0  i ~ r ~ t l  40. I I I  Il1c IOOOs, lllc irl~l)ilcl of AIIIS i a ~  lltc cor~~llrics ol' 
(!CIII~;II Ai 'ri~i~ will IN: !i11'[!1:Iy it1 I I I C  cilics ii11(1 t ~ i ~ I i O t t ; ~ l  1)Ol111liiiiO11 R ~ O W I I I  ri\IcS 01' 3 %  OI' 4% will 
hi; rctlrlcctl I,y I %, or Icss, 

6. I)c Ilruyrr, M,  1992. Wottrerr (arrd AIDS 111 cl(!vc:lo/)itrg corrtrtrics. Snc. Scl, Me(/, ::34:24.Y-262. 

A rcvicw ol'll~c rcccnl lilcrirlurc t'cvc;rIs Ihirl l l~c lolp~ct ol'iIIV/AII)S is ~)itrliculi~rly Urcill 
OII W ~ I I I ~ I I  i l l  (Icvclopi~~g cou~~lrics lor foul' IC;ISOIIS. (/) WOIIICII ilrc cill~cr blonctl or not 
rccogtlizctl as polcr~li;rl pnlictlls. (2) Virrious Sirclors pliicc wo~ncn ill it\crcasetl risk of cxposurc lo 
IIIV it~fcclion, (3) 'I'l~c psyc11ologic;rl ;inti sociirl burtlcrls itrc grcatcr for W ~ I I I C I I  Iliiln for men. (4) 
Woaicn's sociitl position alitkcs it tlifl'icult for t l~c~n  lo undcrfukc prcvcl~lion Incrtsurcs. 
Policy-witking sl~oultl involve wolncn Lt~rougli org;rniz;~tions lilrc t l~c Socicly l i~ r  Wonlc~t i~nd 
AIDS in Africir. 'I'hc ilppl ,iicll should bc nlulliscclor;il, involving hciilth, ctluci~tion, Juslicc rtrld 
clcclctl hotlics. 

7. IJorsytlre, S. 1992. The Economic fmpnct of I ? m  AlDS in Mahwl, AlD,S1"ECIl/I~atriily 
IPealtlr Infertiafional. (UnPub) 

This rcport is an asscssmcnl of Chc polcntial cc:onomic il~lpacl of AIDS prcparcd in 
Fcbruary of 1992 for USAID/Malawi. This rcporl analyzes both thc dircct costs of carc at hcalth 
facilities and thc indircct costs of lost produclivily. Spccific scctors of thc cconomy arc also 
considcrcd. In 1992, thc national HIV prcvalcncc ralc is expcclcd to risc to bctwccn 11.0% and 
12.6%. Thc cconomic impact of AIDS will be obscrvcd in increasing hcalth c a c  costs and 
overcrowding at hospitals. Thz lifctimc costs of trcatmcnl pcr casc arc cstimatcd lo bc K5 15 (or 
$132 whcrc K3.9 = $1). Thc hunlaal capitill approach is uscd to obtain cstimalcs of the vllluc of 
lives that arc lost to AIDS. An cstimatcd 18.7 ycars of productive life arc lost pcr casc. Using 
cstimalcs of avcragc incomc and a 5% di:;count ralc to wcight the future, the monctary value of 
lhc life lost is K10,SOO (or $2,692 whcrc K3.9 = $1). Analysis of economic scclors utilizcd HIV 
seroprcv;~lcncc data by district from a 1989 blood donor survcy. The highest tlIV prevalence is 
likcly to occur within the niodcm scctor industrics of financc/insurancc/rcal estate and 
transport/communications. The country is facing the risk of losing educatcd workers, thc risk of 
lost exports and a c  risk from unmct seasonal dcmands for labor. Ovcr the long run, AIDS is 
likcly lo most impacl Malawi's agricultural sector, which comprises an ovcrwhclming proportion 
of cxports, and is likcly to havc the most difficulty in coping with AIDS due to seasonal demands 
for labor. 

8. Goodgame, R.W. 1990. AIDS in Uganda--Clinical and social features. N. Engl. J. Med. 
323:383-389. 

The report highlights somle distinctive features of the Ugandan AIDS epidcmic. ( I )  "Risk 
groups" are largely irrelevant. (2) 'Tuberculosis is ubiquitous. (3) Opportunistic infections indicate 
environmental exposure. (4) HIV testing is largely unnecessary. (5) The standard of care is 
undefined. (6) Counseling is controversial. 

9. Kiereini, EM. 1990. AIDS impact on women and children in Africa. Int. Nurs. Rev. 
3 7:3 73 -3 76. 

This article is the transcript of a speech presented at the 6th International Confe~nce  on 
AIDS in 1990. The impact of AIDS on women in Africa is described in vignettes. Women must 
cany the burden of caring for ill family members. Women who are infecled carry a stigma. 
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I';rllcr~~s o f  scxu;~l hcllirvior in (Jl!iltl(li~ itrc Oivi(It;(I illlo [)rcl~~;\i'iliil SCXII;I~ t ~ h i l ~ i O ~ ,  
cxlrirt~~i~ril:rl sexual i~clivilics ;rntl ~ n i ~ r i t i l l  scxui~l pitIIcnls. 'l'ltc hcl~i~viorrtl pi~llcn~s l0 r  the t~li!jor 
clhnic groups arc 1n;irkctlly I~clcrot!c~~cous. Piclors rclillctl lo lllc sl)rcittl ol' IIIV/AIIlS Irlclutlv 
p ~ l y g i i ~ ~ ~ y ,  urbi111 rcsitlcncc, urbitl~ 10 nlrirl visits i111~l 111i?/or lnlck Iri11ISPofl TOUICN. COIIOOIIIS I I ~ I V C  
IIOI ~ W I I  acccptctl by IJgi~~~tliin~. 

This report wits prcpurctl for USAIMKcnyn in April of 1992. 11 ii~~itlyxcs lllc cconor~lic 
ilnp;rct of AIDS in Kcnya in lcnlls of thc tlircct cost of hospil;il Ircaln~cnl Ibr AIDS, Ihc ccorronlic 
eosls of lives lost lo AIDS, and rhc impact on particular scclors of llic economy. Tllc prcvalcncc 
of HIV ilmong lhc i~dult populiilion is pn)jcctcd lo rciich 8% lo I6'% by 1905. Tllc lifclilnc cosls 
per casc trciitcd is cslinralctl lo bc 27,200 shillings (or $886 whcrc 30.7 shillings = $1). An 
cstimatcd 26 ycars of protlur tivc lifc iirc lost pcr casc. Thc monctary valuc of produclivc lifc 'cosl. 
per casc is cstimalcd with a 5% discount ralc lo bc 194,700 shillings (or $6,342 whcrc 30.7 
shillings = $1). The impact on spccilic economic scctors is analyzcd. Prcvalcncc is likcly lo bc 
high in mining and transportation/comn~unicalions bccausc of thc location of thc busincsscs. 
Community/social/pcrsonal services, financc/ins~,rancc/rcal cslalc, and elcctricity/waler arc likcly 
to havc difficulty in coping :i!h AIDS duc to thc high skill lcvcl of thcir workforce and thc 
rcsulting difficulty in replacing wol kers lost to AIDS. Thc scasonal demands for labor in rnodcm 
scctor agriculture and small farming arc likcly to crcatc dcmand prcssurcs for cmploy~nent which 
cannot bc mct. Thc polcntial loss of export camings in modem scctor agriculture and mining is 
likcly to seriously impact Kcnya's trade balancc. 

12. Over, M.  and M.  Ainsworth. 1989. The econotnic impact of fatal adult illness from AIDS and 
other causes in sub-Saharan Africa: A research proposaL ([Inpub) 

This is a 19J9 research proposal at thc World Bank to investigate two questions. ( I )  
What arc the cconomic costs and impacts of AIDS illness and death among adults on households 
and communities? (2) How can thc govcmmcnt targct patient and/or survivor assistance programs 
in order to maximize thc benefit to survivors for a given government budget? The survey is 
currently underway in Tanzania. 

13. Over, M., S. Ben'oui and J. Chin. 1989. Guidelines fop rapid estimation of the direct anit 
indirect costs of HIV infection in a developing country. Health Policy 11:169-186. 

The direcL cost of an illness is defined a; the cost of treatment, which is determined by 
the supply and demand for health care services in the health care market. The indirect cost of an 
illness is defined as the value of the time lost to ,the ill person or decedent's family or employer 
due to illness or death. The value of tne time lost is calculated based on the supply and demand 
of the labor market. The purpose of calculating clost estimates of HIV infection for a developing 
country is twofold: (I) to inform policymakers in allocation of resources to cfforts to prevent the 
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sl)rc;ul of lllc cpitlctllic ;itltl (2) lo plirn progr;~n~!; lo ilssist l l~c inl'cclctl person ; I I I ~  his or llcr I';unily 
i n  copit~t: with lllc hurtlcrls of' lllc tli:;casc iwtl tlc;illl. 'l'llc cs1i:n;ttion n~cll~otl slio~~ltl tlco~onslri~lc 
lllc bctlcl'it 10 socicly ol' prcvcr-rling ;I c;~sc of inlcclion wilh I IIV. 'l'llc tncll~otlology for calcul;dirlg 
lhc cs!in~;~lcs is inl'lucrlcc(l by lirnc conslrninls nntl lllc prcscrlcc (or i~l)scncc) of systctlls ol' tl:tla 
collcclion l'rorll pirlicnt rccortls, Tllc tncll~orlology for cslimaling lhc lol;~l cost of onc casc of 
infcclion will1 1 llV is tlcscrihctl in tlclail in thc itrticlc--1llc li)llowing is ;r hricl' summirry. Direct 
cost of an AIDS c;~sc is cstin~;~lctl hy lllc sum, across all opporlunistic illncsscs, ol' t l~c ;rvcragc 
cosl pcr AIDS cast for c;tcl~ illness. Thcsc cosls 111ust lllcn hc convcrlctl lo lhc prcscnb valuc of' 
lhc cosl of a cilsc of k1IV infcclion. In ortlcr lo arrivc ;rl lhc intlirccl costs, irn csli t~~i~lc of thc valuc 
of thc li~rrc lost to morbidity and mortaliiy, onc tntlst irpply four.dit'fcrcn1 wcighth lo tllc lost ycars 
of lifc. Thcsc includc: wcighls tliscour~ting futurc lifc-ycars; wcighls that altacll tliffcrcnt valuc lo 
adult vs, dcpcndcnl ycars of lifc; diffcrcnt wcighls from onc indivitlual to ;mother, bascd on thc 
human capital approach or thc willingness-to-pay approach; and wcighls bascd on morbidity, cilhcr 
Illrough thc hcallhy-lifc-ycar (productivity i~ppmach) or Ihc (luality-adjuslcd-lifc-yc;rr (subjcctivc 
valuc. of hcaltll). Finally, lhc total cost is oblaincd by thc sun1 of thc clirect ind indircct cosls. 

Over, M., S. Sertoui, J. Chili, R. N'Galy urtd K .  Nyarnuryeltung'e, 1988. The direct and indited 
cost of fllV irlfeclion in developing courrtries: The cases of Zaire and Tarrzanla. 111: Tire Global 
Itnpacf (g AIDS, AIan H.Llss, New York. pp. 123-135. 

'Thc goals of lhis pa;icr arc thc following: ( I )  dcscribc an approach of estimating thc dircct 
sosts (cost of Ircabncnt) and Ihc indircct cosl (valuc of hcalthy ycars of lifc losl) of HIV infcction 
in a dcvcloping country; and (2) prcscnt lhcse cstimatcs for each infcctcd pcrson. Dirccl cosls of 
A casc of HIV infcclion vary considerably, evcn within thc samc country, bccausc of the range of 
clirrical symptoms prcscnt, sociocconomic charactcrislics of thc paticnt, and thc mcdical or 
institutional charactcrislics of thc hcalth carc options availablc to the patient. i t  is prefcrablc to 
prcscnt a rangc of cost cstimatcs to rcprcscnt thc various situations. The cstir~~atcs m k c  the 
important assumption that each symptomatic infcctcd adult will scck at lcast some treatment from 
modem scctor facilities. Estimatcs of dircct cost pcr case in Tanzania and Zaire are compared to 
estimktcs of direct cost in thc US., England, and a Caribbean nation; the comparison reveals a 
corrcspndcncc bctwcen dircct cost of care and GNP per capita. similar to the relationship of 
ovcrall national hcallh carc spending and GNP per capita. Although the cost of treatment for a 
casc of symptomatic HIV infection seems large relative to per capita health care spending, it 
should bc compared to ycr paticnt expenditure for other serious diseases of adults in the same 
country. Comparisons such as this are important to the process of establishing treatment protocols; 
bcnefits to society of thc higher spending should be carefully assessed. Indircct cost is computed 
in several steps. First, estimates of future healthy years of life lost are discounted at an annual rate 
of 5%. The discountcd healthy life ycars lost by an HIV-infected person (8.8 years) rank. f i f i ,  
after several hildhood diseases including sickle-cell (17.0 years) and neonatal tetanus (15.3 years). 
Sccond, total future years of healthy life lost are disaggregated by age gror~ps which differ in 
assigned productivity weights; prevention of a case of HIV infection is estimated to save 6.6 
productivity-wcighted discounted heillthy life years. Third, a mnnetary value is attached to each 
productive healthy lifc year saved. There are two competing approaches to placing a monetary 
value on healihy life years -- wiliingness-to-pay and human capital theory. The willingness-to-pay 
approach is not utilized because of the lack of dats to consider "psychic value that society attaches 
to saving a lifc." The human capital approach considers thp economic returns to society for a year 
of h e  infected person's labor, measured imperfectly as annual income. This sbdy yroduced three 
estimates of the dollar value of discounted future years of healthy life lost based on average wage 
estimates for three socioeconotnic groups of the population: rural residents, urban residents with 
primary education, and urban residents with secondary education or more. The total economic cost 



of ;in i~ltlivitluirl ctisc of l11V ir~li:clior~ is ohliiirictl by cotill)lni~lg Ihc tlircct :~r i t l  ir~tlircct cost. 
lntlirccl cosls tlotni~~iilc llic tlirc:cl cosls; llris woultl hc cxpcclctl for c~ltlcr irrl~)or::i~rt tlisciiscs iIS 

well, allliougl~ l l~c rclcvint diiIi~ iirc 11nt avi~itill~lc. A t~ypolllcliciil silui~lion is tlcscribctl II I  wllich 
thc infonr~itlion provitlctl by Illis i~nirl):;i(; (Ihc dollirr viiluc ol ;I ci~sc of llIV infcclion prcventctl) 
woultl iiitl in tlccision-~niikir~g rcgisr.tli~\g, rcc;ourcc irllociition ircross sccrors. 

15. Over, M. atld J.  Kutzirl. 1990 :'"hr! dlrcct arrd indirect costs r,SNIV irqectiorr: Two Mrietrn case 
studies, I'ostgrctclurrte 1)oclor & W  East 133432-638, 

WHO cstimatcs that about 4 rnillion pcoplc in Africa an: currently (i.c., in 1988) infcclctl 
with HIV, ;ertl irrc likcly lo develop AIDS. Tiic "cosls" of thc tliscirsc arc tlcfinctl as social and 
ccr l ior~~ic conscyucnccs which accruc tluc to illncss and tlc;ltli of infcctcd persons. 'I'hcsc cosls arc 
cstiniatcd for circh case of HIV infection, not of AIDS alonc. 'I'hc cstimirlcs dcmonslratc the 
bcncfit to socicty of cach casc of HIV infcclion prcvcntcd; such cnlirnirtcs arc most uscful in 
decisions rcgartling lhc allocation of rcsourccs to prcvcntion. Thc total cost of a case of HIV 
infcction includcs both dircct and indircct cosls. Dircct cost is the cconornic cost or the valuc of 
thc rcsourccs uscd for trcaling thc discasc; in principle, thc opportunity costs of denying acccss 
lo hcalth rcsourccs to paticnls with othcr (oftcn curdblc) discascs should bl: adtlcd in. Indircct cost 
is thc valuc of the timc lost to thc sick pcrson and family or cmploycr duc to illncss or death. Thc 
indircct cost is mcasurcd as thc numbcr of productivity-wcightcd discountcd years of healthy lifc 
lost multiplied by thc avcragc incomc pcr ycdr of thc infcctcd pcrson. An important finding in thc 
estimation of thc cost of HIV i~ifcction in Tanzania and Zairc is thc widc variation in cost for an 
individual casc within the sanic country. Thc variation is due to scvcral factors, including thc 
symptoms prcscnt, the patient's sociocconornic status, and Ulc mcdical and institutional 
characteristics of the available hcalth can: system. Because lherc is such great variation in 
trcatmcnt cost i~nd grciltcr expcnditur.:: pcr casc docs not improvc the probability of survival, it is 
feasible to rcducc mcdical expcnditure pcr casc. Policies should address the morc urgcnt nceds of 
families and employers who suffcr the hpac t  of the indircct costs of each case of infection with 
HIV. 

16. Over, M.  and P. Plot. 1992. HIV infection ar;rd sexually transmitted diseases. In: Health Sector 
Priorities Review, edited by Jamison, D.T: ad W.tl. Mosley. World Rank, Oxford University 
Press, New York. (In Prep) 

The objcctivc of this report is to examine the case for assigning a high priority to the 
yevention (primary and secondary) of the spread of sexually transmitted diseases (STDs) 
including HIVIAIDS. Methodology for estimating the static burden of STDs is based on the 
approach of the Ghana Health Asscssment P:~~~~:ct, which calculated healthy life years lost for 50 
discasc categories. Methodology for estimating the dynamic burden of an STD epidemic is based 
on work by Bongaarts, by Anderson, May ynd McLean and by the U.S. Department of State's 
Interagency Working Group. An exploration of the role of a core high-risk group responsible for 
maintaining transmission blrilds on the work of Hethcote and Yorke on gonorrhea. 

17. Plot, P. and M. Caraid, M. 1988. Epidemiolog&aC and sociologicai aspects of HIV infection in 
developing countries. Br. Med. Bull. 44:68-88. 

This paper is a review of the HIV/AIDS epidemic in Africa and the Caribbean as of 1988. 
[It covers nzuch the same groutid as Cara21 attd Piar (1989).] 
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I N .  Satt(lers, I). utr(l A. ,!icrtt~l)o. 1991, All)S iri 4frlca: l'lic irtrlrllcrttiort,s of ecotrottric recession nr~tl 
struclurrrl ctt(l~,slttretiL Ile(t!rtNh I'olicy 69157-165. 

'I'hc focus ol' Illis p;rpcr is on Ihosc socio-cconooiic faclors prctlisposing lo Ihc sprcad of 
lllV infcclion ;IS wcll ;w on Ihc ;~ggriiv;rlion ol' lhcsc I'aclors by cconos~ic rcccssion irntl structural 
rrtljus~tncnl progririiis (SAPS). Tllc colonir,,slion of Africa brouglit rrboul largc S C ~ ~ I C  economically 
motiv;rtctl migration of pcoplc from rural lo urbim ilrcils. Tllc currcnt cconomic crisis iintl SAPS 
introduccd by tnany kfric;ln govcrnlilcrits havc ;~gg r~ i i I~ t l  bolh urb;rn tlrift, m;rinly ;IS ir rcsult of 
incrc;~sing lantllcssncss, iintl urban povcrty ;IS ;I rcsull of contraction or'cash incomcs ant1 infl;lIion. 
Accomp;mying dcclincs in formal scclor cmploymcnt in most of Al'ric;~ h;wc Icd lo incrcascd 
tlcpcndcncc on infonnal incomc, wllich for womcn, has oflcn Incant resorting to prostitution. 

19. Scitovsky, A. and M. Over. 1988. AILIS: Costs of care in tire developed attd tire devclupitrg 
world. AIDS 2.~71-s8 I. 

This papcr dcfincs lhrcc cpidcmiological patlcms cl' AIDS according to thc WHOIGlobal 
Prograrnmc on AIDS (WHOIGPA). In pattern 1 countrics, lrlost tri~mission and mosl cases occur 
among homosexuals and inlrrivcnous drug uscrs. Patlcrn I1 countrics arc charactcrizcd by 
hclcroscxual translnission. Patlcm Ill countrics havc only rcccntly (as of 1988) had cascs of AIDS, 
which arc introduccd through contaminated blood and blood praducts. The pattcm of thc 
cpidemic in spccific countrics can significantly influcncc cstimatcs of thc cost of thc discasc. 

In prcscnting a methodology for cstimating thc cost of care, scvcn important distinctions 
arc discusscd. ( I )  Positivc vcrsus nonnative estimates distinguish bctwccn "actual care" and "best 
practicc care". As medical technology changcs, normative cost will cvolvn first followcd by 
changcs in the positive cost. (2) Prospective studics follow peoplc from time of diagnosis until 
dcath in contrast to retrospcctivc studies which depcnd on patient records and the ability of the 
patient and family members to rccall health expenditures. Prospective studies generate better 
quality data b~t  thcy arc difficult and costly to pcrform. (3) Random samples, which are 
constructed from a list of all persons with AIDS. are superior to convenience samples, which rely 
on case of access to patients in particular facilities. In developing countries especially, cost 
estimates based on convenience samples can be very distorkd becausc they only re!lect the costs 
of care for a minority who have access to such care. However, random sampling is often difficult 
to conduct in a study of HIVIAIDS. (4) The term "cost" is used in practice to mean either the 
actual economic cost of producing a medical service or, in countries with a predominantly 
fee-for-service health care system, the charge (or price) for a specific medical service. In 
developing countries, databases of either costs or charges usually do not exist. In these situations, 
a rescarcher must develop basic cost data on the health system itself before estimating the s ~ ~ c i f i c  
cost of AIDS treatment. (5) In comparing the costs of treating an AIDS case across countries, one 
may convert costs based on either purchasing power parities or official exchange rates. In 
developing countries, only exchange rates are available for use in estimation. (6) There are three 
ways of summarizing costs. Lifetime costs are costs of all medical services used by a patient from 
diagnosis with AIDS until death. Cost per patient alive at any time during a given year, however, 
is the most frequently estimated type. Costs per person-year are recommended for better 
comparisons of data across different studies. (7) Incidence-based estimates use the lifetime costs 
of all persons diagnosed in a particular yeas. Prevalence-based estimates total medical care costs 
incurred in a given year by all persons with the disease. Incidence-based estimates and 
prevalcnce-based estimates of costs of disease are both useful to planners. 

The costs of treating AIDS cases in the developing world (excluding Brazil) are small relative 
to the costs in developed countries because of lack of access to modem health care facilities 
(tertiary care) and the lower cost of the time of the health care personnel. Treatment costs are in 



rough associaliot~ wilh pcr c;rpitir gross niilional protlucl ((;NIJ). Slutlicr, I'rot~~ tlcvclopit~g counlrics 
irrc gcncrally 1.ritsctl or1 s r ~ ~ i ~ l l  convcnicncc siunplcs or i~pply it~~pcrlcclly kt~own i1vcr:lgc I~Ospili~l 
ant1 oulpi~licnl costs lo cslit~~i~lctl ulilizi~liot~ pirtlcrra wllich 11i1vc bee11 conslruclctl basctl on  cxpcrt 
opinion. Rlr cxat~tplc, a valuc ol' I1;IOO in lil'clitnc cosls is ;rssignctl lo ;I Ihcorclic;~l Ccnlri~l 
Africirn Counlry. Ini l i i~l  slutlics t~;rvc l0cusctl only on AIIIS, hul slloultl hc cxpi~ntlctl lo irlclutlc 
;ill I.IIV-inl'cclctl pcoplc. 

20. Stanley, IS.A,, S.7'. S'eitz, P.1). Joiirr.soti, ID.O. Way and T.P. Curry. 1991. Tlre IWG tnO&?l for 
tlrte Iictcro,sexual sl~read of HIV atrd the dcrrrographic impact of llte AIDS cpiderrr ic. Puper 
prepared for tlie UNI WIIO Workshop orr ModelU~lg tlie Vemoppl i ic  Impact of the AIDS 
Epidemic in Patterri I1 Cou rrtries--Pro~re.~s to llate arrd Policies for tire Future. (Uri Pub) 

Thc IWG rnodcl for thc sprcad of kI1~JIAIJ.''. dcvclopcd for Pattcrn 11 countries, has bccn 
rlscd for technical rcscarch, p~licy analysis, and dcc~sion-making. This modcl cvaluatcs thc sprcad 
of HIV by various roulcs: t~c tc ro~~xui~l  scx (including both long-term [married] and short-lcn 
Icasual] parlncrs); blood transfusions; and pcrinatal transmission. The IWG rnodcl addrcsscs 
dcmographic and cpidcmiological qucslions regarding lhc sprcad of HIVJAIDS. Demographic 
issucs includc: the age paltcrn of infcction; thc cffccts of thc epidcnlic on the agc structure of thc 
population; cffccls on infant and child mortality; and thc ovcrall impact on populatior~ growth 
ratcs. The important cpidcmiological questions arc: rclativc importance of the various infcction 
routcs; mechanistns of sprcad bclwecn age groups; thc role of very high risk takers in the sprcad 
of thc cpidcmic; rural to urban spread of the discasc; cffccts of other STDs; and the impact of 
various intcrvcntions on the epidemic. A comparison of the effectiveness of scvcral interventions, 
such as promoting condom use, a national blood screening program, and treating other STDs, is 
very uscful in policy clccisions. Thc IWG rnodcl has as its basclinc a dcmographic model, with 
both rural and urban components. Two major types of population divisions, status groups and 
status group characlcristics, are thcn added to the model. Finally, processes important in the 
sprcad ol' HIVIAIDS are included in the model. This papcr contains the equations used to model 
infection rates in Appcndix I. Appendix I1 documents analysis of sensitivity of the model to input 
data. The total population was most sensitive lo the initial fcmale population; the infected 
population, however, was more scnsi!rh;c to the infectivity of men and to the infectivity of women. 
'ilis analysis demonstrates that iiiterventions which result in only a slight decrease in transmission 
probabilities may have a major impact on the spread of the AIDS epidemic. 

21. Stoto, M A .  1991. Models of the demographic impact of AIDS in Afrca, Institute of Medicine. 
(UnPub) 

This paper describes the currently available models of the HIVIAIDS epidemic and 
summarizes what :We models say about the potential future of the demographic impact of AIDS 
in Africa. This analysis is based, in large part, on a recent United Nations/World Health 
Organization publication The AIDS Epidemic and its Pzmographic Consequences (United Nations, 
1991). The possible demographic impacts predicted by these models vary from minor to 
substantial. The modeling efforts have concentrated on gross demographic variables; little is 
known about the potential impact of the epidemic on family structure. 

22. Torrey, B.B. and P.O. Way. 1990. Seroprevalence sf  HIV in Africa: Winter. 1990. U.S. Bureau 
of the Census, Wasirington, DC. 

This report presents data from HIV seroprevalence studies compiled as of May 1990 by 
the Center for International Research of the Bureau of the Census. [The same database is used 
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in rlrr r.clport otr f I I V  ,scr.o~~ru~~(~lerrcc levc1,s itr P'rhrucrr'y of' 1991.1 IligI1-risk groups si~rt~plctl 
it~clutlc prostilutcs ilnd STD clinic paticnls. Low-risk groups inclutlc prcgni~tlt wonlcn ilntl hlootl 
donors, Maps i ~ n t l  chi~rfs arc usctl to illuslratc scroprcv;rlcncc in hot11 risk groups irtltl for holh 
lypcs of lIIV infection (IIIV- l itctl PIIV-2). 

23. Way, Y.O. arid M. Over. 1992, Tlrc prqjected econornlc irripact of arr /ifricurr A l l X  el)idcrrzic. 
IJaper prepared ,fir Annual Meelirig of tlre IJopulatiorr Assoclatiorr c f l  America, April 28-May 
2, 1992, in Ilerrver, Colorah. (UrlPubj 

Thc dcmographic impact of llic AIDS cpidcmic in Africa is calculatctl using lhc U.S. 
Dcpl. of Sliltc's Intcri~gcncy Working Group (IWG) modcl on a hypothctical "typical African 
country." Thc dcmogriphic rcsults arc fcd into a macroeconomic niotlcl rclating factors of 
protluclion lo urban (industrial) and rural (agricultural) output; thus, lhc impact of AIDS can bc 
cxprcsscd in tcrnls of its cffcct on gross donicslic product (GDP). Thc production functions havc 
bccn cstimatcd for sub-Saharan Al'rica bascd on Ulc analysis of 35 African countries for which 
dab  : src itvailablc from thc 1960-1985 pcriod. The majority of thc impacl of AIDS occurs from 
lhc indircct cffccts of lost productivity due to prcniaturc dcaths, Thc total cconotnic impact ovcr 
thc period 1990-2015 was about 15 limcs grcatcr than thc cstimatcd dirccl cost. 

24. Way, P.O. and K. Stanecki. 1991. How bad will it be?: Modelling the AIDS epidemic in Eastern 
4frlca. Paper prepared for the Annual Meding of the American Association for the 
Advancement of Scierrce. Washington, Dl?, February 14-19,1991. (UnPub) 

This papcr cmploys the U.S. Dcpartmcnt of State's Interagency Working Group (IWG) 
modcl of the AIDS epidemic in sub-Saharan Africa. Thc IWG AIDS model of thc sprcad of HIV 
in Pattern I1 countries is applied to a "hypothclical country" in sub-Saharan Africa, witlr a 
projection timc of 25 years (1990-2015). Since the population of this hypothetical country is taken 
as one pcrcent of the sub-Saharan population, the rates rcportcd in this paper represent both the 
country and thc region; the reportcd numbers multiplied by 100 would represent the region. The 
rcsults of this analysis regarding troth the demographic and cpidcmiological impact of the 
epidcniic are briefly summarized. 

The dcmographic findings reflect the increased seroprevalence in both the urban and rural 
areas, although the urban areas generally are more heavily affected. The population growth rate 
declines over the 25 year period from 2.8% to 2.2% if the AIDS epidemic is removed; in the 
presence of the AIDS epidemic, the decline is more marked, reaching a low of 1.8% in the year 
2015. The number of deaths expected in the year 2015 may increase by as much as 113, with a 
conccntration of deaths in the urban areas. A significant loss of life expectancy is predicted for 
the urban areas; in the year 2015, the loss in life expectancy due to the AIDS epidemic may be 
as great as 19 years. Increases in infant (22%) and child (47%) mortality rates are expected for 
the urban areas, while increases at the national level may reach up to 8% and 16% respectively. 
The predicted age patterns of mortality indicate that the very young and the middle adult years 
will be most affected by the epidemic. Without the AIDS epidemic, about 12% of the population 
would be expected to die between ages 15 and 45 years; in the presence of the AIDS epidemic, 
it is expected that over 54% of those attaining age 15 will not live to age 45. 

The epidemiological results of this analysis project the number infected, the number of 
new infections, and the number of AIDS cases. Over the projection period, tlle number infected 
increases by a factor of 12--from 59,000 persons (5.9 million regional) in 1990 to about 700,000 
(70 million regional) by 2015. Of the initial infected population, about two thirds are in the urban 
areas, but, by the end of the projection time, the numbers are more evenly divided between urban 
and rural areas. The number of new infections is a measure of the growth of the epidemic and is 
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an indicator of cl'fcclivcncss (or iiml'fcctivciwss) of prcvcrrlivc inc;~sulcs. 'i'llc irui~rhcr ol' lrcw 
inkclions is cxpcctctl lo lcvcl off in lhc urbiril ilrcils (luring lhc course of Illis ptujcclioi~, wlrilc 
increasing rilpiclly in tlrc rurirl itrcas. 'Shc iruirrl~r of ~rcw AIIN ci~scs ant1 lhc nurlll)cr currcnlly 
wilh AlDS iirc thc hcst mcirsurcs lo rlsc in cslitnirlirrg lhc iinpi~cl ol' ltrc cpitlci~ric on the Ircillllr 
syslctn. 'Thc modcl cstimatcs rrboul 7,OMK) (7o(),o(M) rcgional) AIDS cascs in thc inilial pop~li~lion, 
incrcasiilg lo ovcr 120,0()0 ( 12 million rcgional) by lhc ycilr 20 15. Givcn t hc sllo1'1 life cxpcctielcy 
following ltrc dcvclopmcnl of AIDS, thc rcli~tionship hctwccn ncw AIDS CilSCS mrl thc currcnt 
population wilh AlDS is yuitc dirccl. Thc populalion wilh AlDS tcnds lo bc about lwic:: lhc 
numbcr of ncw infcclions. Sincc thc cpitlcmic is growing inorc rirpidly in ruri11 arcas, inorc ncw 
AlDS cascs irrc projcctcd in rural arcas than in urban arcas in thc ycar 2015. This rcport also 
includcs a cost-cffcclivcncss irnalysis of four possiblc intcrvcntions: promotion ol'contloin usc, an 
STD control progrirm, an infornration/cducation/communication progrirm (IEC) to rcducc lhc 
incidcncc of casual scx, and a 100% blood scrccning program. 

25. Way, P.O. and R Startecki. 1991. The den*ograplaic impact of an AIDS epidemic 014 an qfrican 
country: Applicatiotr of the IWG-AIDS modei. (UnPub) 

This papcr rcvicws thc lindings of a previous modelling cxcrcisc (Way and Stanccki, 
1991) which cmploys thc U.S. Dcpartmcnt of Slatc's lntcragcncy Working Group (IWG) modcl 
of thc AIDS cpidcmic in sub-Saharan Africa. Thc IWG modcl allows thc uscr b spccify 
demographic information, scxual bchavior, currcnt infection lcvcls and thc 1i l .1~ framc of thc 
pro-jection. The model cstimatcs demographic conscqucnccs and cpidcmiological cffccts, thus 
allowing thc prcdiction of thc impact of various intcrvcntions on rhc cpidcmic, such as usc of 
condoms or implzmcnting a national blood screening program. Results of Ulc modelling cxcacise 
are exprcsscd for Ulc period 1990 to 2015. (1) There is evidence of a growing cpidcmic in Africa, 
with scvcn-fold incrcascs in the numbcr of cascs ovcr the 25-ycar projection period. (2) Thc effect 
on population size and growth rates is moderate. Population growth rates are reduccd by the AlDS 
epidemic (by as much as 50 million for sub-Saharan Africa), but they still remain strongly 
positive. (3) Mortality measures arc gaeatly affected; the crude death ratc (CDR) may incrcasc in 
a hypothetical African country (a theoretical composite) by as much as 50%. Agc patterns of 
mortality are strongly affected-excess urban mortality due to AIDS is six to seven limes the 
normal levels for those in their 30's and 40's. Excess AIDS mortality reduces urban life 
expectancy by 19 years in the year 2015. (4) Recent improvements in infant and child mortality 
are reversed by the AIDS epidemic. Urban levels of infant mortality increase by more than 20% 
(nationally 8%); urban mortality under age 5 increases nearly 50% clative to the non-AIDS 
scenario (nationally 16%). (5) An extended incubation period (on the order of 10 years) means 
that much of the impact of increased morbidity and mortality lies beyond the period of most rapid 
increase in seroprevalence. (6) Behavior change and STD treatment are the key factors in reducing 
the epidemic; national blood screening programs show little effect on the epidemic. The authors 
suggest that the policy implications of these findings indicate a need for behavior changes. 
Population growth will continlre to be a problem, and family planning programs are necessary to 
improve the health and welfare of mothers and children. Levels of young adult and infant and 
child mortality in urban m a s  are increasing at an alarming rate, and health programs currently 
in place are not meeting the needs generated by the epidemic. Life expectancy in many cities in 
Eastern Africa has declined to levels reminiscent of the 1950s and 1960s. 
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1. Clark, J.P. 1990. l~co~ior~ric lrnlrtrcl c!fChcniollicr~l)v of O~icliocercinsf,s or8 I'ro~lrtc(lvlly of West 
4 frfcarr H uhhcr Trcc Tn~~pcr,~. l)isscrlalion, J(blins Il(rl,kira,s Scliool of IIygierre and Yublfc 
Ilealllr. (UrilDuh) 

Thc purl~osc of thc stutly was lo invcstigatc thc cffcct of ivcnncctin rlistribution on l i ~ h r  
pmtluclivity irl a rubbcr pli~ntation in Libcria, Wcsl Africi~ (Libcriirn Agricultural Company). The 
LAC rubbcr plantiltion is in a zonc with thc Ibrcst str;tin of onchoccrciasis which docs not causc 
scvcrc blinding iIS docs tlic savmnirh stririn of onchoccrciilsis in Ihc OCP arcit. Thc study lookcd 
for rcducctl hcallh ci~rc utilization and improvcd productivity following cornrnunity-bascd 
dislribulion of ivcrnlcctin. Thc data inclutlcd usc of health scrviccs, days workcd, adjuskd bonus 
pay, days of sick Icavc, days of ahscnlccistn and microfilarial load (a mcasurc of thc lcvcl of 
infcction). No cffcct of Uic ivcrmcclin tlistribution on labor produc1ivil.y was obscrvcd. 

2. Evans, T.G. and C J.L. Murray. 1987. A critical re-exar;ninatlori of the economics of blfndne,rs 
prevention under :lie Oneirocerciasis Control Program. Soc. Scf. Mcc 25:241-24.9. 

This arliclc is a rcsponsc to thc evaluation by Pros1 and Prcscott (1924) of thc OCP in 
Upper Volta (Rurkina Faso). Thc authors idcntify two scrics of problcms with thc prcvious study: 
(1) technical difficulties associatcd with data quality and assumptions made in that analysis, and 
(2) thc usc of the same measurc of cost-cffectivcnl:ss for health programs with different 
purposes--mcaslcs control is largely a humanitarian program whilc onchoccrciasis is constructed 
as an economic conccm. In both studies, thc outcome is measurcd in terms of healthy years of life 
savcd. Fo: Prost and Prcscott, thc ycars of disability due: to blindness arc 9 years in hypcrendemic 
arcas and 7 ycars in mesoendemic areas; in this study, it is 16 ycars in all areas. For Prost and 
Prescott, life expectancy is diminished by 14 years in hyperendemic arcas and 13 ycars in 
mcsoendcn~ic arczs; in this study, the corresponding figures are 12.7 years in hyperendemic areas 
and 9 years in mcsocndemic areas. For Prost and Prescott, the size of the population at risk for 
blindness is 500,000 in hyperendemic are?,s and 500,O(K) in mesoendemic areas; in this study, the 
size is 317,000 in hyperendemic areas and 185,000 in mesoendcmic areas. Prost and Prescott 
assume that a year of blindness does no1 contribute to the total of healthy life ycars, is., a year 
of blindness is treated like a year lost due to mortality; in this study, a year of blindness is 
assumed to be 50% of a healthy year of life. For Prost and Prescott, ages 15 to 60 years are 
considered productive; in this study, ages 15 to 49 are productive. For Prost and Prescott, the 
estimated cost per year of productive life added i!; $20 and the estimated cost per year of 
discounted productive life added is $150; in this study, the estimated cost per year of productive 
life added is $705 and the estimated cost per year of discounted productive life added is $4,852. 
In addition to these technical differences, the autho~j question the appropriateness of comparing 
two health programs with such vastly different outcolncs as measles control versus onchocerciasis 
control. 

3. OCP. 1985. Ten Years of Onchocerciasis Control in West Africa: Review of the Work of the 
Onchocerciasis Control Programme in the Volta River Basin area from 1974 to 1984, World 
Health Organization, Geneva. 

This report examines the Onchocerciasis Control Programme in West Africa after 10 years 
in operation. The report describes the biology of the disease, the parasite and the vector and 
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rcvicws lllc slrirlcgy iultl op~rirliotls of Ihc corllrol prc!)ccl, Sornc st~ltlics of lllc cl'l'ccl of' llrc ( X I '  
orr sociocconornic irtltl t~itllh tlcvclopnrcnl irrc rcvicwctl, OC1''s vcclor (hli~ckfly) conln)l llirs I)ccrr 
succcsslul in inlcrrupling lri~nsrnlssion, hut it major opcrirtionirl prohlcnl hiw hccn lhc rc-crllry of 
vcctors into lhc conlrol irrcil iuitl tllc tlcvcloptncr~t ol' vcctor rcsislilncc 10 Iirrvicitlcs, 'l'hc ccnlrill 
planning pn)blctn li~r thc fulurc is Ihc mi~inlcnirncc of conlrol i~ctivilics al'lcr OCP. [S~hsetluerrt 
to this report, 1Itc dru8 ivcrmpcti!~ has hce~l proven cficctivc a~uirtst dtc micrrdllarlr~ of 
orrchoccr'cirsis. Plmrirrirr~: nirbvt corrsidcr the pr.opcJr roles cf vector control (.rid ivermectiri 
clistrihution.] 

4. Prescott, N., A. I'rost and H. 1,e Rerre. 1984. The econorrtics of blirzdrzess prevertliorr in Upper 
Voltu urtder tlac Onchocerciasiu Control Program. Soc. Sci, Med. 19:1051-1055. 

This papcr cxiunincs lhc cosl-cffcclivcncss ol' lhc Onchoccrciasis Control Progr'arnmc 
(OCP) in Uppcr Volla (Burkina Faso). It dil'fcrs frorn previous cconomic analyscs of 
onchoccrciasis control in lhrcc irnporlant rcspccts. ( I )  It uscs crnpirical data as lhc basis of an 
eslimalc of thc cpidcmiological cffcclivcncss of thc inlcrvcntion. (2) I t  focuscs on thc prevcntion 
of pcrmancnt disability arid prcmatulc dcath duc to onchoccrcal oiindncss as thc major hcalth 
improvcmcnt iittribulablc to OCP. (3) It cmphasizzs cost-cffcctivcncss ralhcr than cost-benefit 
analysis. [This report presettts the sanie resrrlts as Prost arid I'rescot; (1984j.l 

5. Prost, A. arid N. Prescott. 1984. Cost-effectiveness of blindness prevention by the Onchocerciasis 
Control Programme in Upper Volta. B ~11. WHO 62:795-802. 

This rcport prcscnts a cost-effectiveness analysis of the Onchoccrciasis Control Programme 
(OCP) in Uppcr Volta (Burkina Faso). Thc analysis considers the number of healthy years of life 
added by ihc prevention of permanent disability and premature dcath atlributablc to onchoccrcal 
blindness. Thc quantitative results ate $20 pcr productive year of healthy lifc and $150 per 
discounted productivc year of hcallhy lifc. Using this calculation, onchocerciasis control is more 
cost-effective than measles control which cosfs $17 per productive year of healthy life and costs 
$221 per discounted productivc year of healthy lifc. [See Evans and Murray (1987) for critique 
of these estimates.] 

6. Warren, K., D. Bundy, R. Anderson, A.R. Davis, D.A. Henderson, D.T. Jamison, N. Prescott 
and A. Senft. 1992. Helrninth infections. In: Health Sector Priorities Review, edited by Jamison, 
D.T. and W.H. Mosley. Work! Bank, Oxford University Press, New York.(In Prep) 

This chapter reviews the public health significance and approaches to control for 
helminthic infections. Special atiention is paid to chemoprophylaxis as a primary strategy. 
Important drugs are the benzimidazoIes, praziquantel and ivermcctin. Programs need to consider 
distribution of two or three anthclminthic agents. 

DRACUNCULIASIS (GUINEA WORM) 

1. Belcher, D.W., F.K. Wumpa, W.B. Ward and I.M. Lourie. 1975. Guinea worm in southern 
Ghana: Its epidemiology and impact on agricultural productivity. Am. J. Trop. Med. Hyn. 
24:243349. 

This study was conducted in a 200-square mile area as a part of the Danfa Comprehensive 
Rural Health and Family Planning Project. A total of eight villages in this area with high attack 
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rairlcs oI'puiticir wortii tliscirsc in 1073 wcrc itlc~itif'ictl for ititcrisivc stutly. 111 six villi~gcs, onc Ihirtl 
of' irll irtlulls wcw it~lc~vicwctl rcg;rrtlit~t! Iri~(litiOtiirl trcirltircrlts, hclicIs, i ~ I l ( l  i r l l i l ~ ~ ~ l c ~  ;rI)o111 IIIC 
(lisciwc, 'l'lc 1973 projccl cct\sus lirrtl s cprcstiot~ irhoul guit~cir won11 tlisci~sc in Ihc prcvlous 12 
ti~or~ll~s. A tlrug triirl wirs contluctctl i~ntl chcrtiicirl trcirtnrcrrl ol' wirlcr sourccs was iwlrt~iriislcrctl lo 
kill lllc cyclol~s, tlic inlcnnctliirlc Iiosl. 'I'llc ir.rcitlcr~cc of' guincir wonn inf'cclion wrrs rclirtctl lo Ihc 
type ol' wirlcr sourcc antl ir sciisOni~l pirltcrn WiiS itlcnlilictl. In-dcpth intcrvicws wcrc cot.rductctl 
i t1  20 I~ouscholtls in wllicli thc ti~irlc licird hird bccr~ incirpircitirtctl by guincir wonn discirsc (luring 
t l.rc ycirr. 

2, Hriegcr, W.H. ant1 J ,  Guyer. 1990. IJarmcrs' bss  due to guiriea worm disease: A pilot study. ,& 
Trop. Med, HVK. 93:106-111. 

lJrcvious cl'f'orts to dcmonstratc loss of pmtluclivity arnong famlcrs duc to disability from 
guinca worm discasc liavc ncglcctcd to associalc thc Flattcrns of P~nning and thc timing of 
agricultural irclivitics lo disability. Twcnty in-dcplh iriicrvicws wcrc conductcd which indicirlcd 
that the losscs to full-tirnc Sanncts wcrc rcladcd to lhc timc of' ycar pcoplc wcrc affcclcd by guinca 
worm. Informirtion was collcctcd in Ihe intcrvicws rcgarcling timc and duration of illncss, the crops 
usually plantcd and thc cmps thal thc fanlicrs could not plant duc lo guinca worn discasc. Acrcs 
not plmtcd wcrc converted io thcir potential yicld and then multiplied by thc currcnt markcl valuc 
of' tiic spccilic crop. This was thc nlcans of dctcnnining economic loss to farmers. Twcnty farmcrs 
wcrc sclcctcd irs casc studies bccausc thcy had suffcrcd from guinea worm bctwccn Octobcr 1987 
and May 1988. Thc avcragc duration of disability from guinca wonn was 1 to 7 months, with an 
average of 3.9 months. Most f'anncrs (17 out of 20) wcrc bcdriddcn for a pcriod of timc. Losses 
wcrc cxpcricnccd in all crops duc to inability to plant. Only 4 l'ame~s rcported no losscs. When 
crops arc considcrcd individually, thc seasonality of infection becomes important in determining 
if the farmcr cxpcricnccs losscs in a particular crop. 

This study gives reason to suspcct "days lost" survcys. The timing of illness may not coincide 
with planting of a particular crop and duration of illness may be short enough to allow for 
compcnsation for the days lost. It is important also to recognize that peasant farmers usually plant 
multiplc cmps and therefore onc episode of guinea worm wih not result in a total loss for the 
year. Some cmps, such as cassava, can be harvested all year long and provide an insurance policy 
against disasters. Surveys should account for seasonal patterns of planting as well as variability 
in the onset and duration of illness episodes. It is necessary to inquire about each crop planted to 
calculate losses. The cost of an intervention program using 2,000 nylon water filters and 67 
cement ring wells was eslimatcd to be $26,100 for ldere town. This cost mounts to 29% of the 
value of farm losses estimated for Idere during the 1987-88 season. 

3. Edungbola, L.D. and S.J. Wafts. 1990. The elimination of dracunculiasis in Igbon, Oyo State9 
Nigeria: The success of seCf-help activities, J. T~oD. Med. Hyn. 93:1-6. 

This study is the result of self-help efforts by a village community in collaboration with 
health researchers to eliminate guinea worm disease. Indigenes who have left their village to work 
in the cities often return to their home villages and assist in community self-help projects -- 
usually the construction of schools, churches and mosques. The well construction that provided 
safe drinking water and eliminated guinea worm in Igbon village in Oyo State Nigeria is the first 
reported example of these efforts directed toward disease control. 

The village of Igbon had a point prevalence rate of 59% at the height of diseasi: 
transmission and the villagers associated guinea worm with several community problems: three 
classes of the primary school had been combined into one class due to illness; the teachers lived 
in another village with piped water, although Igbon was located along a main road (norin to 



1Rirtl;ln roiwl) ll~crc wris IIO ~tiarkct in lllc villiigc; i t r ~ t l  outsitlcrs i~voitlctl lllc villtkgc hcci~usc ol' lllc 
discirsc, Cornlnunily tliscussions rcsullcd 111 ilgrcctnctll on l l~c priority of slnrlcgicu for guincil 
wort11 control. Prolcclion of cxisling wirlcr sources was cssci~lial iultl lhc communily irppoinlc(l 
walchcrs who wcrc slirlionctl at lhc pontls to prcvcnt pcoplc fn)m waling into lllc watcr and lo 
irssisl lho,uc with guincil wonn in (Irirwing watcr, Concrctc p l i ~ t f o n ~ ~ ~  wcrc conslrilclccl irrld ir plaslic 
bowl wiis providctl to draw wcitcr. Drug trci~(mcnt ant1 ctlucalional prclgrctrns wcrc rcqucstcd by 
villagers irnd a singlc ~rcirlmcnt of tttc conlaminirtcd ponds WilS itpplictl, whicl~ woultl irltcrrrupt 
lllc discasc Irmcrnission cyclc for 3-4 wccks. Pcrmi~cntly prolccled watcr sourccs wcrc nccclcd 
and vlllagcrs plitnncd lo tlig wclls to scrvc various quarlcrs of lhc villi~gc, Moncy contributions 
by cach villagcr wcrc usctl lo hirc laborcrs to dig thc wclls; latcr, somc individuals dug privalc 
wclls but lhcy Ict neighbors use Lhc safc walcr. By ltlc sccond year of thc work, no villagcr was 
willlout access to thc pcrrnancntly protcctcd watcr. 

lntcrvicws with household hcads 5 years latcr indicalcd lliat all rcsidcnts rccognizcd 
bcncfils ol'climinaling guinc;~ wonn discirsc, spccificirlly in thcir irnprovcd ability to work and tlic 
physical expansion of thc villagc. IJhysical changes in Ihc villagc following guinea worm control 
includcd building a sccond;lry school, a church, ;I markct, a lown hall and busincsscs such as a 
poultry farm and a maizc projcct. Formcrly conlaminatcd watcr was uscd to irrigate cash crops, 
increasing womcn's incomc. A ncw pcriodic market was established and Lhc arca was no longcr 
shunncd. Primary school cnrollmcnt triplcd and thc tcachcrs eslablishcd rcsidcncc in thc 
community. Studcnts camc to Igbon as boardcrs to attend sccondary school. Thc prcscncc of 
tcachcrs in communities has been shown to twost community involvcrncnt in education and other 
projec ts. 

4. Huttly, S.R.A., I). Blum, B.R. Klrkwood, R.N. Emeh, N.  Okeke, M. N a b ,  G.S. Smitlr, D.C. 
Carson, 0. Dosunmu-Ogunbi and R.G. Feachem. 1990. Tire Imo State (Nigeria) drinking water 
supply and sanitation project II. Impact on dracunculiasis, diarrhoea, and nutritbnal status. 
Trans. R. Soc. Trop. Med. Hva. 84:316-321. 

Molbidity due to dracunculiasis (guinea worn disease), diarrhoea in persons of all ages 
and nutritional status of young children were used as health impact indicators in the evaluation 
of the Imo State Drinking Water Supply and Sanitation Project in southeastern Nigeria. Five 
farming villages in the most northeastcm part of Imo Statc wcm studied. Between March 1984 
and October 1984, three intervention villages were supplied with boreholes. Questions on the 
prevalence of dracunculiasis and diarrhoea were included in twice-yearly water, sanitation and 
hygiene surveys conducted over the period February 1983 to May 1986. About 935 wifelchild 
household units in the intervention area and 43s in the control area were interviewed. In addition, 
a detailed study of dracunculiasis disability was conducted in a sample of household units included 
in the longitudinal diarrhoea morbidity survey between February 1984 and May 1986. [see Smith 
et a1 (1989) for the disability study]. The study area was found to have a low level of endemicity 
of dracunculiasis. While no impact could be demonstrated on overall period or point prevalence 
rates in the cross-sectional surveys, a prospective longitudinal survey showed a significant 
reduction in the percentage of two-week periods positive for dracunculiasis in areas served by the 
project, while the areas without intervention showed no such change. In the cross-sectional 
surveys, it was found that, in the project villages, those persons drinking only borehole water had 
significantly Iower period prevalence rates one year later. Moreover, those living further from the 
nearest borehole had higher rates of dracunculiasis. A greater association with water availability 
than water quality was suggested for rates of diarrhoea in young chiAt%en. 
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5. Smlth, <;.S., D. Illunr, S.H.A. Ilultly, N, Okske, 1I.H. Klrkwood cmd H.(I'. Iio(~clrottr 1989. 
l~lstrhlllty ,'ram rir(rcrrtrcull(rsis: 14ffcct ( t t ~  trrfrl)flily. A trtr, troll. Met!, IBflrcr,sit, H3:151-158. 

'I'l~is rcporl is hirsctl o n  t l i ~ t i ~  collcclctl in ;r lori~~itutlinirl survey of t~ouscl~oltls cor~tluclctl 
ovcr two yc;rrs ;IS piirl of lhc 1)rinking Wi~tcr Supply ant1 Si~nilirlion I'rojccl in l a ~ o  Stitlc, Nigcriii 
/see Nlittly ct (11, 19901. A ~ i ~ ~ n p l c  of lo() houscholtl~ in ycitr I irntl 195 houscholtls in ycirr 2 was 
visilctl cvcry lwo wccks. Or~c ~oirl ofthis stutly was lo documcnt pro,(ipcclivcly l l~c tluri~lioti and 
cxlcnt of' tlis;rbility I'rotn tlrircunculiasir;. A1 ciich visit, ~nolhcrs wcrc iiskctl If irnyonc in lhc 
t~ousclioltl tiird tlri~cunculiirsis, ant1 c;tscs d~at tiad bccn idzntil'ictl in thc previous visits wcrc locatcd 
ant1 obscrvctl for physical ant1 funclional tlisirhility, A 5-pint scdc wits usctl l o  scorc disability 
wilh 0 bcing no tlracunculiasis and 5 bcing confinctl to bcd. Most (59 of 67) cascs hat1 complctc 
inlbnnirtion on thc duration of disability; only 8 wcrc cxclutlctl tluc to ir~cornplctc data. Sincc 
tnany pcoplc lintl rcjxirtcd infcctions, cilhcr in boll1 of lllc study ycitrs or in tlic salnc scason, Lhcrc 
wcrc morc cpisodcs than cascs (67 cpisotlcs for 59 cascs). Of lhc 67 cpisodcs, 40f% occurrctl in 
pcrsons 15-49 ycars of irgc, 40% in children 5-14 yciirs of' agc i~ritl  20% in UIC rcn~aining irgc 
groups. The Incan duration of' symptoms was 12 7 ~ c c k s  with ii rangc of 3-29 wccks. Although 
27% of tl~c observation pcriods rcsultcd in no disability (scorc 1 ), 18(% wcrc sevcrc cnough to 
prcvcnl a pcrson from lcaving his or hcr housc. Of 67 cpisodcs, 58% rcsultcd in scvcrc disability 
with a IliciUI duration of 4.2 wccks; among thcsc, thc mcan duration was highcr for persons uvcr 
agc 50 (8.0 wccks) thim for thosc undcr age 50 (3.8 wccks). Disability was rncst scvcrc in Ilic 
fifth two-wcck pcriod of illncss with a mcan disability scorc of 2.9. Two pcriods of pcak discasc 
occurrcncc wcrc idcnlificd, and thcsc corrcspondcd to thc dry scason in cach of thc study ycars. 
Thc dry scason is also a pcriod of high agricultural activity whcn the staple crops, yam and ricc, 
arc harvcstcd and gardcns arc prcparcd for thc ncxt planting scason. 

6, Watts, SJ. 1987. Population mobilily and disease transmission: The example of guinea worm. 
SOC. Sci. Med. 25:1073-1081. 

Guinea worm is a parasitic diseasc affecting 5-15 million people cvcry ycar in areas of 
Africa, India and Pakistan which do not have protected, ycar-round drinking water supplies. 
Guinea worm can only bc transmitted to others at unprotected drinking water sites which contain 
suitable species of cyclops, the intermediate host. A typology of population mobility which 
distinguishes between rural and urban sectors, and between circulation and uni-directional 
permanent migration is used. Most population movements involving transmission of guinea worn 
occur within the rural sector. Col~trol strategies should focus on periodic market centers which 
may be sources of infection within the rural areas or have a water supply that is susceptible to 
contamination. A knowledge of population mobility can provide information on target groups for 
control and health education strategies. 

7. Watts, S.J., W.R. Brieger and M. Yacsob. 1989. Guinea worm: An in-depth study of what 
happens to mothers, families, and communities. Soc. Sci. Med. 29:1043-1049, 

This paper reports on the impact of maternal morbidity due to guinea worm on the care 
and heallh of children under 24 months old, and the ways in which the mothers and their families 
Lope with the often extended periods of disability. Of 42 mothers with guinea worm in two 
hyperendemic areas of Oyo and Kwara States in Nigeria, 28 were either bedridden or only able 
to hobble short distances with the help of a stick; the average period of incapacity was almost 9 
weeks. Of the 4 maternal roles identified (child care, self care, domestic tasks, income generation), 
the women gave priority to child care; 34 of the 42 mothers needed help in child care. Coping 
networks operated principally within the extended family, but also included women from other 
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loss of l t~co~t~c  of 2'13 11;1lr:1 (!br/!5) (ltlr111g their (:urrctIl illrl~!ss cpiso~lc; ycl I I : I I I ( ~ ~ I I I I I ~ S ,  I I ~ I I I ( ~ - ( ! I I ~  
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I .  Audihcrt, M. 1986. Agricultural rion-wage production nrrd hcaltlr stalirs: A crrsc study in a 
tropical cnvirorintent. 1, llcv. Ec, 24:275-291. 

'i'his stu(ly iIIlctnpls to iwscss thc cfl'cct of Ilcirlll~ stirtus otl lllc productivity ol' i~griculluri~l, 
non-witgc workcrs. Tllc ilutllor suggcsls lI\irl stutlics of protluctivily of self-etnployctl pcasatlts ;u.c 
it~~portilnt for two rci~sons: (/) irlcrcascs i r ~  agricultural production in tlcvcloping countries will rely 
o n  Ihc output of ~111i1ll peasants for sotnc time to comc; imtl (2) sludy of tl~e rcliitionsl~lp bctwccn 
llcallll stalus and latnr pnxluctivity could bc biasctl if bascd only on ttlc cxpcricncc nf 
wage-camcrs. Thc situation cxi~nlinctl is ricc-growing intrr)duccd into Mayo [lanai, Northcm 
Ciuncn)ons with a hytlro-agriculluri~l plant funtlcd by thc World B'ank. Data arc collcctcd from 
survcys of ricc-growcrs and frotn rccords of Ihc public company rcspnsiblc for ~nanaying thc 
projcct. Thc Sonnulation of thc lllotlcl of analysis consitlcrs intcrrclations bctwccn dctcrminants 
of the lcvcl of ricc production and spccific conditions of mcasurcmcnt of the variables. The output 
of cach ricc-grower tlcpcnds on thc lcvcl of technology (dctcrmined by thc public company 
rcspnsiblc for managcmcnt) imd on thcsc inputs: cultivatcd surfacc, fertility of cultivatcd soil, 
amount of labor dcvotcd to ricc-growing and Ihc quality of labor. Thc diffcrcnccs bctwccn the 
rainy scason and the dry scason arc also important in dctcrmining output. Only a singlc production 
func(ion is cstimalcd, but possiblc competition with production of millet is investigated. Findings 
of this study include: (I) ricc output incrcascs at the samc rate as thc cultivatcd surfacc imd the 
fcrtility of the soil when all other factors arc controlled for; (2) rice output is ncgativcl: rclatcd 
to the duration of transplanting (the shorter duration of transplanting insurcs that all plards are at 
about the samc level of maturity which is vcry important during the irrigation of paddy); (3) 
progressive training (expcricnce) in rice-growing is significantly related to level of output; and (4) 
the marginal effect of parasitic endemic disease is not negligible--a 10% iiicrcase in the prevalence 
of schistosomiasis (S. haematobium) results in a 4.9% decrease in output. Howcver, neither 
prevalence of malaria (P. falciparum) nor millet production is significantly related to rice 
production. 

2. Barbosa, F.S. and D.P. Pereira & Cost&. 1981. Incapacilatimg eflecls of Schbtosomiasis 
mansoni on the productivity of sugar-cane cutters in northeastern Brazil. Am. J. EP~. 
114:102-111. 

Studies were carried out on Lwo sugar estates in the humid coastal forest region of 
northeastern Brazil, a highly endemic area of Schistosoma mmsoni. A retrospective study was 
conducted using the estate records of Tiuma from harvests 1966-1967 and 1967-1968. A 
prospective study was conducted on Catende sugar estate for the harvest of 1977- 1978. The results 
obtained in the retrospective study were not conclusive, but clear-cut results emerged from the 
prospective study. On Catende sugar estate, the severe hepatosplenic clinical form of 
scbi~!osomiasis is seen in 4% of field workers. A group of hepatosplenic workers was compared 
with a group of men with the (milder) intestinal form of the disease. Reduction of productivity 
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.?, Collfrr,~, K.S., N.J. Ilroflmrlrood, (:.l:M. Ilnvlas, (,'. /)or&, A. J. Ilnckall, It.,/. bnrms, J. Mrr ymve, 
J.S. Wrritrrr, M.A. Atrrlrr, M .  El Karir~r, 1I.M. Isnmll, A,ll.S. Onrer, nnrl M.Y. Sukk(rr. 1976. 
I'lrysinlogiccil psr/irrrnnrrce and work capacity qf Sutlnncscr ctrrtc crrltt'r,~ willr Sckfslrrsorrrrr 
rtrarrsorii It4fecllor1. /drr?, J ,  l'rop, MNI. I1  VK, 25:JI 0-421. 

'I'l~is stlltly cxilrl~inctl rile physir)logissl c;';'ecls of C. tnii~lsorti infcclion on 194 Sutlancsc 
ciinc ~ultcrs. Six ci~tcgorics wcrc tlcfinctl bilscd ou~ iIgC r l r~r l  tliirgtlosis oI scl~isloson~iiwis: ( A )  
uninfcctctl.10-24 ycilrs of i~gc; (11) ir~tcstit~:~l it~l'cctiotl, ovu in stc~)1,10-24 ycars of i~gc; (C) 
inlcstit~irl infccfion, ov;~ in stool citvl clitlicirl signs, 10-24 yciirs ol';rgc; ( I . )  uninfeclctl, 25-45 ycrrrs 
ol' iq!c; (1;) i~\tcslinirl infcctioil, ovii in  stool, 25-45 ycars ol' i~gc; and (F) intcstlnal inl'cction, ova 
in stool i~n t l  clinicill signs, 25-45 yciirs of;tgc. Physiologicirl rcsponsc to cxcrcisc wi~s iwscsscd by 
;I sliltionirry bicyclc crgonlctcr; Ih~n:~orcgul;llory~~lit function was ri~ciwurccl ;IS swcirt rirtcs and 
ircclit~~irliziitior~ to llcat in ir controllc(l crlvironn~cnt. Ficld sturlics of work capacity wcrc conducted 
ant1 prr)tluctiiriiy wirs i~sscsscd for hahitual aclivily and for ~iiaxiniuni cfficicncy (using a monctary 
honus systcirl ;IS an intlucc~ncnt). Sociological factors suggcslcd to Ix imporlant lo ~,mtluctivity 
wcrc rlurnbcr of scasons cxpcricncc (hirbitual skill) imtl the nurnbcr of dcpct~dcnts (motivation). 
Thc iruthors found no statistically sjgnificant diffcrcnccs bctwccn infcctcd and uninfcctcd workers 
bilscd on anthropomctric mcasurcs, physiological rcsponsc to work (bicyclc crgometcr), or heat 
slrcss. The uninfcctcd mcn of both age gmups had higher hemoglobin lcvels lhm infcctcd mcn. 
Thc mcan productivity was corrclatcd with individuals' maximum aerobic capacity determined in 
thc laboratory, but was not cornlatcd with thc degree of S. mansoni infection. The mcan 
productivity varictl by infection status as follows: (A+D) wcre the lowcst produccrs, (B+E) the 
highcst, and (C+F) intcrmediatc. 7hc number of seasons cutting cx,pcricncc was correlated with 
irgc, dcgrcc of infcction, and rncan productivity. Thcse rcsults are consistent with other research 
in that they show no clcar cvidcncc of any delctcrious effect of schistosomiasis on productivity 
or physiological function. Thc authors cxplaiq h e  low productivity of thc uninfected group by 
lack of cxpericncc -- many of Ihcm wcre in lhcir first scason of cane cutting. The authors also 
suggcst that productivity in cane cutting nquircs thc ability to sustain a high level of physiolngical 
pcrforrnance over an cxtcnded period of time rather than achieve a maximal output. 

4. Fenwick, A. 1972. The costs and a cost-beneft analysis of an S. mansoni control programme 
on an irrig~ted sugar estate in northern Tanzania. Bull. WHO 47573-578. 

This article summarizes the costs of a long-term control program against schistosomiasis 
on an irrigated sugar estate--the costs of the current (1968-1970) program are calculated an@ xhe 
costs of future snail control in the same area estimated. An attempt is made to evaluate il~e 
cost-benefit ratio of schistosomiasis control in the irrigated sugar estate. In a 1963 study [see 
Foster, 19671, the prevalence of infection was over 85% among worker; who had been on the 
estate for at least 6 months. The control program, which began in 1968, decreased the overall 
prevalence of infection by 50% and the intensity of infection (measured as total egg output) by 
about 85%. The costs attributed to the current program are due to the following: ( I )  snail control 
requiring molluscicides, labor costs, transport costs, and capital equipment costs; and (2) mass 
diagnosis and treatment requiring labor, laboratory equipment, transport and drugs. Future 
expenditures that would be required to maintain control of S. mansoni infection consist of snail 
control and screening of new employees with immediate treatment of "imported" cases. It is  
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tr~at~sot~l cotilrol progriull itrcl~rtlc: gctrcral ir11ll~rovc111~111 J I I  I~ci~lll~; rc~I11cIio11 ill ~ I I C  1111tt11)cr 01' 
rctluirctl courscs of tln~l! Ircirlrilcl~l; i111tI ~ I I I I ) ~ ) V C I I I C I I ~  ill worker ~)~~o(Iu~tivity 04 '  ;11)o11t %,5-5,0($,. 
<nc irull~or pmposcs t l ~ i ~ l  Ihc ;o~nu:~l cost ol' l't~turc s11;lil colrtn)l will I)e covcrctl sin~ply Ily tlrc 
a~rtiual sitvir~)r,s in tlrtrg Irc;rl~~rcrrl$ rccluirctl--1hc it~ctci~sctl protl~rclivity will hc an atltlctl Ixi~clil, 
"Any s;~villgs tlrrivctl frr)~n inc~irscs in protluctivlty woultl tw iln cxtri~ iulv;~l~ti~gc, wouhl hc 
lllc gootlwlll involvctl 111 kccpitlg tllc cstirlc rcsitl~cr~ts frcc frort~ inl'cctior~ wit11 prcsulri;~hly 'i~c;rlll~icr 
wivcs ant1 cl~iltlrcn (p,571()," 

5. !'en wick, A. arrd 1l.If. kJigerrsclrou. I Y 72. T/re qlfect c f l  Sc/il,stoso~rra rrransoni iqfi.cti~)ri on t/ic 
productl vlly rrf carrc cutters o rr a suwr cstatc) in Tarrzarria. I l  isll. W I I O  47:567-572, 

'This study attctnpts to qui~r~tify ttle cffccts ol' iafcclion wit11 S, tnarrsoni on workcr 
protluciivily. Foster (1967) Ilirtl stutlic(l tllcsc cflccts on workcm on Ihc sirnlc pliintiition but hid 
bccn unirblc to tlctlro~lstratc tlil'fcrcnccs in physiological work pcrli)nllancc during work sl~ifts 
txtwccn infcclctl and uriinfcclctl workcrs. llc (lid notc llighcr ratcs of ;rhscntcc~sr~~ fi~r inl'cctctl 
workcrs, ;is well as tilorc hospital di~ys. By lllc ti~llc ol' llic prcscnt sludy, lllc labor fimc hul 
bccolnc rllorc slablc on thc c!;latc and a snail contn~l program had consitlcrably rctluccd thc 
trarlslnission ratcs of thc tliscasc. In classifying oicn into Lhc infcctctl and uninfcclcd caicgorics, 
it was assumed that thcrc wcrc no sclf- curcs and that thcrc wcrc no ncw infections during thc 2 
ycars. Thc study was conducted during 1968- 1969. Uninfcctcd men carnctl at Icast 1 1 .O% morc 
in bonuscs in all but one 6-month pcriod; thcsc diffcrcncgs wcrc significant at thc 95% confidcncc 
lcvel. Infcctcd rncn who wcrc trcatcd for discasc in~provcd thcir camings of bonuses by about 
5.0-6.0%. Bcforc trcalmcnt, infcctcd men camcd about 12.2% Icss than uninfccted rncn; aftcr 
trcalmcnt, they camcd only 6.5-7.0% less. Bccausc of Uic complicatcd scales for the bonuscs, and 
the fact that different men workcd diffcrcnt fields (different ficlds have diffcrcnt yields depcnding 
on how straight thc cane grows), a separate productivity study was conducted. The purpose of 
thc sccond study was to rclatc the bonus eamcd lo the actual quantities of cane cut. The ovcrall 
difference in produclivity bctwecn infcctcd and uninfcctcd workers (measured as quantity of cane 
cut) was estimated to bc abut 3-5%. 

6. Foster, R. 1967. Schistosomiasis on an irrigated estate in East Afrca. If!. Efiects of 
asymptomatic infection on health and industrial eficiency. J. Trop. Med. Hva. 70:185-195. 

This study investigates the economic burden of chronic schistosomiasis on a sugar cane 
plantation in 1962-1963. Approximately 200 workers, some cane cutters and some irrigators, were 
classified as infected or uninfected based on diagnosis of S. mansoni ova in Ohe stool. No 
significant differesces between infected and uninfec~ted workers were observed based on weight, 
physique (weight adjasted to standard height), or herr~oglobin levels. Significant differences were 
found in illness history. Among irrigators, infected workers were more likely to report sick; the 
arlnual cost of an additional 819 attendances was 5,163 shillings. Infected workers used more 
hospital days, even when admissions for schistosomiasis treatment were excluded; the amual cost 
of an additional 1,677 hospital days was 18,447 shillings. An additional annual cost of 73,715 
shillings covered schistosomiasis treatments. Industrial efficiency was measured as attendance at 
work and, for the cane cutters, as output on the job (weight of cane cut per shift). The proportion 
of shifts lost for no apparent cause (absenteeism) was higher among infected workers than 
uninfected, and the difference was higher among irrigators than cane cutters. The rate of worker 
absenteeism rose from July to December coincident with an increasing prevalence of disease. The 
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Mcar~ output pcr sllift wi~s lllc srltrlc for irrlcctctl : I I I ~  I I ~ I ~ I I ~ C C I C ( I  CiIIIC cullcrs. 'l'llc totrrl ycilrly cost. 
oI' tllc tlisci~sc wils I 18,925 sl~illit~gs or ES,')40, With it cot~trol progriltrl of ~~~olluscicitlcs iind 
lrcirtt~~cnt of ticw Iiihor, ltre yciirly cosl. wirs csli~nirlctl lo I)c 70,656 shillitigs or E3,533 -- ;I savings 
of $2.4 13 Li~r llic csli~lc. 'I'his cost-hcncfit ilnr~lysis rcprcscr~ls lhc lirinirnuln sirvings, ;is anothcr 
class of workcrs, ~ulli\~ators, wcrc ilot slu(lictl; Ilowcvcr, the cl'fccls of ~ ~ h i ~ t o ~ o t n i i ~ ~ i ~  observed 
ill ~ h c  irrigatorti wol~ltl likcly bc Ibund in rlrc cultivi~lor~. 

Ilunler, J.M., I,, Rey arid L?. Scott. 1982. Man-made lakes arrd nian-made diseases: Toward8 
a policy resolutkori. Soe. Sci. Men. 16:1127-1145. 

T l ~ c  risk of sprcad of parasitic infcctions iissociolcd with llic dcvclopmcnt of walcr 
rcsourccs has bccn slrcsscd tnirny timcs. Thc conrlilions !nost frcclucntly listed as bcing spt to 
sprcad in tropici~l zoncs iirc schistosomiiisis, ~nalaria, baclcrial and hclminrhic inlcslinal infcctions 
and arbovirus infcctions. Thc prcssurc of population incrcilsc in thc dcvcloping world dcmands 
an expansion of agricultural production lhal is achicvcd through intensification of walcr 
impoundt~~cn: and irrig;ltion. Thc typical scctoral dichotomy in which ii dcpnrlmcnt of agriculture 
crcatcs a discasc outbreak through its d~~vc~optncnt activity, lcairing its counterpart dcpartmcnt of 
public licalth to copc on a curitivc basis, is strongly dcplo~d.  Discasc prcvcndon mcasurcs should 
be ir~tcgritcd with dcvcloptncnt projccts from the beginning; infrastruciural invcslment and 
opcrational costs for hcalth maintcnaqcc should bc incorporatcd into thc total cost-benefit analysis. 
A communications nctwork is proposcd to crcatc an inkmationid registcr of watcr dcvc!apment 
proj~(;ls. 

Prescott, N.M. 1979. Sclristosorniasis and development. World Develoarnent 7:I-14. 

This papcr cvaluatcs cvidencc rclatitrg lo thc belicf, long held by tropical health workers, 
that schislosomiasis control would contribute significantly to cconomic dcvclopment. Macro 
cstimatcs of thc benefit of control havc assumcd that schistosotniasis impair, lsbor productivity 
in all infcctcd cases and that its elimination would yield substantial product'cvltiy gains. These 
bcnefits have been generalized to the entire infected population vithout regard to its colnposition 
by age, sex and productive activity and implicitly have been assumed to accrue as a rcsdl of 
complete, ins'-ntancous a d  costless eradication. Micro research on the effects of schistosomiasis 
on worker productivity has observed a small effcct in some instances, but other determinants of 
productivity mt $1 not havc been properly contmllcd. However, micro research olr acth 7 workers 
most likely underestimaks the impact of schistCrs~miasis because those with severe, i: -dbL '! 
illness are dutomatically excluded. 

Warren, K., r Bundy, R. Anderson, A.R. Davis. .4. He~derso,)  CAT, JamSon, N. Prescott 
and A. Scnft. ,,.,92. Helminth injections. In: &@::I Sector Priorities Review, edited by Jamkon, 
D.T. and W H .  Mosley. WorM Bunk, Oxford Universlo Prcss, New York. (In Prep) 

This chapter reviews thc public health significance and approaches t.o control for 
helrninthic infections. Special dtt~ntion is paid to chemoprophylaxis as p primary strategy. 
1mr;rtant drugs are titL benzimidazoles, praziquantel and ivemectin. Pmgrams need to consider 
di&ibutio~ of two or three anthelminthic agents. 
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This stutly iittctnpts lo cc;litnirtc tllc cconomic cost of ~ c t l i ~ t o ~ o t ~ i i i i ~ i ~  10 l11c world, 
illtllo~gh Ihc pirucity ol' tlirli~ prcclutlcs ;in iiccurirtc cstiniiilc. Morcovcr, UIC prcviilct~cc rirtcs of 
schislosomi;rsis iirc cxcccclir~gly variitblc, cvcri in Ihc sirrnc locality; inl'cctions iirc highly Ibciil in 
scctnir~gly tiorno$:cnous populirtions, Gross inadcyuacy o f  rcporling li)r morbitlity and morlillity 
is cvidcnt in l l~c availirblc tlirta (WHO infortnation, public hcalth rcports fronl indivitlual countries 
rrntl a 1957 NAS tropical tlisci~sc survcy) -- lcss than 600 dcaths pcr yciir iirc cslimalctl for Ihc 
wholc worltl. In 1966, only 3,127 cascs of schlstosornii~!;!~ wcrc rcportcd to lhc Pan Amcricrul 
Hcirlth Organixalion; morc cascs wcrc rcportcd for Ncw 'York City Ihiin for all of Brazil. 

Thc cconnmlc conscquenccs of cliscasc iirc dividcd into Ihrcc cirlcgorics: (I) rcsourcc use, 
or thc costs of tlic nalion's rcsourccs (bolh trianpowcr and tnatcrials) for pr~viding Iicalth scrviccs, 
i~nd Ihc nrdtc:;als uscd by thosc scrviccs; (2) rcsourcc trinsfcr, Ihc sosts rcprcscntcd by Ihc transl'cr 
of incotnc ri-on~ tlic hcalthy to tllc sick in public and privalc cfforts to mitigatc thc burdcn of 
illncss; ant1 (3) rcsourcc loss, or tlic cosls rcflcclcd in thc rcduccd nationill production of all goods 
and scrviccs. This study is rcstriclcd to rcsource loss. Scvcrc cascs arc assumcd to bc complctcly 
di~iibled and such palicnts arc considcrcd to contribute nothing to Ihc GNP. Modcrirtcly scvcre 
cascs arc considcrcd to h a v ~  a rcduccd productive capacity of :O%. The cconomic ioss from 
dccrcascd productive capacity is cxprcsscd as GNP pcr capita in US dollars bascd on thc 1967 
-world Bank Atlas. Scparatc cslimatcs for thc totally disablcd and thc partially disablcd arc 
calculated, Thc cstimatcd annuai losscs in 1972 are $446 million in Africa, $755 thousand in 
Mauritius, $17 million in southwest Asia, $1 18 million in southcast Asia and $60 million in thc 
Amcricas. The total annual loss is estimalcd to bc $642 million. 

ECONOMIC DEVELOPMENT AND ;METHODOLOGY 

1. Barlow, R. and L.M. Grobar. 1986. Cost and Renefits of Controlling Parasitic Diseases. 
Population, Health and Nutrition Department, World Bank, Washington, DC. 

This paper is a review of the literature on the costs and benefits of control programs 
designed to combat major parasitic diseases. Over 1W studies containing information on costs, 
health and/or economic effects of disease control are reviewed. Four principal definition? of 
cost-effectiveness an: used in the literature: cost per person protected, per dceth averted, per 
case-year prevented and per healthy year gained. The cost per case-yedr prevenkj and per 
healthy year ga~n.5 are most useful when f"scussing parasitic diseases. The main findings are: 
(I) substantial gaps exist in our knowledge about cost- effectivent?ss and benefit-cost ratios of 
parasitic disease control projects; (2) %ere are large differences in cost-effectiveness between 
altrmative technicyes of control; and (3) a given technique is subject to wide vaFltions in 
cost-effectiveness, The authors recornmend that when undertaking a new project of control, health 
authorities nced n b o w  whether they can expect a performance at the high or low end of the 
broad range covare~ 9y experiencz elsewhere. Understanding the sources of variation (e.g., 
differences in the rate of taxation or subsidy applied to a given input) is very important. 

2. Barnum, H. 1987. Evaluating healthy days of iue gained from hmlth projects. Soc. Sci. Med. 
34:833-841. 

This paper reviews the Ghana Health Assessment Project Team's application of healthy 
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tlirys of lil'c lost Sor cvi~luirtir~~ I~cirltlr progrirllls /snl Ninro rt crl. ,  19NIl. Scvcrirl crit icis~~~s of t h ~  
Cillat~ir s l~~t ly ;II'c:: (I)  t l~c 111ct11otl tlocs ~ ~ o l  i~ccotll~l for clu;rlitirlivc tliSfcrci~ccs irr~long tlll'fcrc~~t 
trlorbitlily sli~lcs; (2) lllc ~ncll~otl tlocs not co~sltlv,: tllc ir~tcrirctio~~ i r ~ ~ ~ o t ~ g  r l i s c i~s~~ ;  i ~ t ~ t l  ( . j )  Ihc 
I I I C ~ ~ I O ~ ~  Ili~s s~bs t i~ l~ t l i~ l  rlirlir rctluircmct~ls. Cost-~~'SCCI~VCIICSS i~l~i~lysis is tlcc111ctl i~pplici~hl~ (~tlly 
in s i h ~ i ~ t i o ~ ~ s  in  wIiic11 t11e O U ~ C ~ I I I C S  ilrc si~~iililr or co~n~)irrirblc--broir(lcr policy choiccs citnnot bc 
con~pirrctl i r ~  sirnilirr units ol' outcon~c cficcts, Cross-scclorirl cl~oiccs rcquirc Ihirl iI tlimcnsion of 
~Ociirl wclfirrc bc inclutlcd in Ilic oulcotnc nlcirsurc for propriltIls, not si~nply Incrtsurcs of heit,,.. 
stittus. I'hc usc ol' unwciglilctl Ilcilllhy (Iirys of' lifc lost is uscful only in col~iparisons of 
nirrrowly-dcli~ictI projccls, such ;IS i~llcmativc cl~iltl immunizirtion progrilms. Thc iruthor ~riakcs ir 

good point: "It is important to notc thirt usc of unwcightc(l hcallhy tlilys of lifc lost to C V ~ I I U ~ I I C  a 
hcirltl~ program or policy having wide cCfccls on morbidity and Pitalily througliout the populirlian 
irnplics coalpirrabilily across iIgC groups ant1 iissumcs indiffcrcncc to adult pmtluclivity." Thc 
author rcvicws llic llndings of lhc Ghana projccl using productivily wcighlcd healthy days of lifc 
uldcd as Ihc oulcotnc mcasurc. Thc ranking ol' tliscascs varics wilh Ihc discount ralc cmploycd. 
With a 0% ralc, discascs having tllc grcatcst cost in lost produclion arc primarily childhood 
discascs; as Ihc tliscounl riltc riscs, adult discascs incrcasc in importance and childhootl tliscascs 
arc lcss significant. It may bc appropriatc to analyzc groups of discascs with similar control 
strirlcgics. Barnum points out two considerations rcgarding data quality: ( I )  a substantial 
proporlion of thc c;ru!;cs of mortality must bc includcd, in lhc rangr: oi 80435%; and (2) the usc 
of singlc avcragc incidcncc and casc. fatality ralcs and agc at onsci to cover thc cntirc population 
distorts lhc rcsults by concentrating on morbidity and mortality in childhood. Finally, thc author 
stalcs that cconol~~ic pn~duclivity docs not in itself providc an indcx of social wclfirrc; hcalth status 
also contributes to thc wclfare of a socicly and should -bc includcd in thc social objcctivcr; of a 
national policy. 

3. Creese, A. 1985. Economic aspects of tropical disease: Wiiat is better lrealth wortit? Trans. R. 
Soc. trop. Med. Hvg. 79:143-148. 

The valuc of gains in hcalth from a rcduced level of tropical discascs may bc asscssed in 
two broad fashions and thcsc may result in quite different monetary values and quite different 
policy iniplications. Human capital melhods, valuing expected output gains from rcduced 
morbidity and mortality, will understate the total wclfare gain by ig loring those changes in health 
status which do not result in higher future income. The use of valilations derived from dcmand 
pattcrns has thc advantage that actual preferences for particular typc s of services can be observed 
and the relcvant notion of health status involved is that of patient perceived morbidity. A 
conceptual framework embracing both approaches is beginning to emerge in the context of 
theoretical rlr.vclopmcnts in household economics [see Popkiti, 19821. For the immediate futr;r=, 
an increased rcco~~i t ion  of community prefercnccs a~.d demands seems likely to accompany a e  
implementation of mcre accessible primary health care and offers an alternative basis for assessing 
whether such initiatives are judged worthwhile by the target populat~ons. 

4. Dunlop, D. 1984. Theoretical and empirical issues in beneft identwcathn, measurement, and 
rahation related to parasitic disease control in poor countries. S x .  Sci. Med. 1s 1031-1037. 

This paper reviews the theoretical and empirical rationales employed in cost-benefit and 
cost-effcctivcness studies of programs to control or eradicate parasitic diseases. The traditiotld 
benefits spec~fied are: (I) direct benefit, i.e., the reduction in medical care services used to t~eat  
a disease as a result of lower incidence or prevalence of the disease; (2) indirect benefit, i.e., 
reduction in foregone output as a result of rer'uction in mortality and morbidity attributed to a 
disease; and (3) public good benefit which accrues to .IU members of society when a particular 
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tliscilsc hils ~ C C I I  cri~(Iic~rIc(I, t!llll)iricill S ~ I I ( I ~ C S  Of hct~cI'it (10 1101 LISII~IIIY i!lcllld~ lllc Illird c:IlcgOry. 
Mcthotlologicirl dil'f~dullics in ~nci~suring hcncl'ils irrc tliscussctl. 'l'l~c largcr conlcxl of 
tlcvclOpmc~lli~l ~ l l i l r l g ~ ~  ill ~#)l)~lilliOIl, IlOIl!4itlg, wakr ~ ~ p p l y ,  ~(I~cilIiOll, Il11:Olll~ illld rOil(ls 
complicirlc the cviil~i~lior~ of bcncllas Srotl~ tlisci~sc control. 'l'la assigrrr~~cnl of alonctirry villttc lo 
hcirltl~y life lost on  Ihc biwis of avcrirgc wagcs or it ~nargitli~l protiuct hits scvcral conccplu;rl 
ptroblcti~s: (I) t l~c virluc ol' lllc Sorcgonc oulput woultl probirbly hirve changctl if Llic adtlitional 
li~hor supply lliitl bccn pn~duccd; (2) nnost Iirl~or tnarkcls in clcveloping counlrics arc not 
compctilivc so that irvcragc wages do rrot ~cllcck UIC opportunity cost of Iirbor; irnd (3) hcncfils 
bascd on productivc oulput (lo not incofporirlc thc virlucs olhcrs may attribulc lo lifc irnd irnprovcd 
heiJt11. Willingness-to-pay iipproacncs shoultl bccomc rrrorc widcly usccl bccausc long run 
sustirinabilily of programs dclxntls on public support. Multidisciplinirry cl'forfs iirc important for 
futurc rcscarch. 

Ilughes, C.C. and J.M. tlunter. 1970. Disease and "developnient" in wdca. Soc. Sci. Men. 
3:443 493. 

This papcr rcvicws thc mcaning of thc tcrm "dcvclopmcnt". Thc authors stress thc fact that 
dcvclopnlent is a rclativc tcrm which cannot bc absolutely dcfincd. A functional definition is 
offcrcd: "a purposive action lo altcr scts of conditions, whether thcsc bc cconomic, as in attempts 
to improvc thc food supply; or in any other institutional arca of human lifc, as in the 
establishnicnt of new sctUcmcnt patterns, cducalional sysicms, forms of govcmancc, or whatcvcr." 
This papcr focuscs on the disease conscqucnccs of development activitic,s.. Although thc 
improvcmcnt of hcalth is one of the implicit goals or many dcvclopmcnt programs, thc prcvalcncc 
of some diseases may actually increasc with dcvclopmcnt. Thc papcr contains a comprchensivc 
revicw of disease in Africa and cites cases ic which dcvelopmcnt projects resulted ir. hcavy losses 
in human lifc. Dkcascs were introduced into areas previously unaffected. New strains of 
pathogens or more virulent strains wen introduced into regions in which humans did not havc 
adequate immunity to protect thcm froin disease. Six types of activities ~vhich have resulted in 
thcsc uncxpectcd consequences are as follows: (I) overall changes in human *habitat relationships; 
(2) incrcasetl population movements, mixing, and conccntration; (3) changes in rattems of water 
flow and use; (4)  changes in vegetation cover; (5) changes in micm-znvironmenta conditions; and 
(6) changes in value qlstems and social sanction systems. The coordination of devclopment 
activities within a comprehensive ecologic framework is necessary if social and cconomic 
conditions of life arc to improvc. 

Hunter, J.M., L. Rey and D. Scott. 1982. Man-made lakes and man-made diseases: Towards 
a policy resolution. Soc. ScL Med. 16:1127-1645. 

The risk of spread of parasitic infections associated with the development of water 
resources has been stressed many times. The conditions most frequently lister'! as being apt to 
spread in tropical zones are schistosomiasis~ miaria, bacterial and helminthic intestinal infictions 
and arbovirus infections. The pressure of populaticn increase in the developing world demands 
an expansion of agricultural produc'ion that is achieved through intensification of water 
impoundment ind irrigation. The typical sectoral dichotomy in which a department of agriculture 
creates a disease outbreak through its development activity, leaving its counterpart deparmlent of 
public health to cope on a curative basis, is strongly deplored. Disease prevention measures should 
be integrated with development projects from the beginning; infrastructural investment and 
operational costs for health maintenance should be incorporated into the total cost-benefit arralysis. 
A communications network is proposed to create an international register of water developr~~ent 
projects. 
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7. Janrisorr, 11. I: nrrd W.Ii.  IWl,sluy, 1 YY I. 11isuaso control priorities in Ils vu lopirrg countrief : 
Nealtlr policy respottses to e/~id~miological clrar~ge~ Anr, J, Puh IfcnFrlr RP:1.5.22. 

I-Ici~ltti systctns in dcvcloplng countrics an: facing n~;~]or cliiillcngcs in thc 19903 and 
bcyorltl bccnusc of ;l growing cpidcmiological tlivcrslly as a conscqucncc of rapid cconomic 
dcvclopmcnt and dcclining fcriility, Thc infectious arld parasitic discascs of childhood nlust rcmain 
a priority ill ttic urunc tilnc the chronic discascs among adults an: cmcrging as a scrious problcm. 
Hcalth policymakcrs must cngagc in undcmking an cpidcmiological and cconornic analysis of thc 
major discnsc problcrns. Thc cost-cffcctivcncss of ~iltcmativc intcrvcntiorr stratcgics must bc 
cvaluatcd. It will bc important but clifflcult to rcclucc invcstmcnts of public funds in hcalth carc 
act5vitics that arc clcarly not cost-cffcctivc. The niost imporlunt advancc in hcalth policy 
formulation is a willingness to go bcyond Uic dircct provision of hcalth scrviccs. Public hcdth 
may illso bc affccicd by thc judiciolr~ usc of regulation, legislation, taxation and subsidles. Thcn: 
is a critical nccd for national mtl intcmational investment in building up thc capacity of 
dcvcloping countrics to undcrtakc a broad asscssmcni of licalth policics. 

8. Mooney, G. aftd A. Creese, 1992. Cost and cost-eflecliveness analysis o ~ / J ~ u ~ ~ / J  interverrtion. In: 
Health Sector Priorities Review, edited by Jamison, D.T. and W.H. Mosley. Worlcl Dank, OMord 
Universily Press, New Ysrk ( In Prep) 

Priority sctting means doveloping analyses and procedures to insure that thosc policics that 
get priority (i.e., gct a highcr call on extra resources) are thosc providing the greatest benefits per 
additional dollar spent. Measuring the burdcn of illness is part of the process of sctting priorities. 
The burden of illness, however, is not a particularly useful concept if it is assessed separately from 
the question of how cffcctivc atid how costly different forms of treatment, care or prevention are 
in dealing with the illnesses being considered. In order to mcasure the effectiver. ~s of health 
interventions, ackire~sing issues of cost and its measurement is the first step. !% inciples of 
costing arc: (1) measure the opportunity costs, which are the benefits foreku. : in the best 
alternative use of resources; (2) the relevant cost is the marginal cost, i.e., the cost of the change 
being considered; (3) cost should include all rcsource use no matter who is reponsible for 
payment; and (4) transfer payments (sickness benefits, pensions,ctc.) are considered redistributions 
rather than costs. In order to determine effectiveness, health status must be measured. A major 
problem in establishing health indices is the issue of combining mortality and morbidity into one 
measure. The Ghana Health Assessment. Team calculated healthy days of life lost due to either 
temporary disability, permanent disability, or death. However, if different rates of discounting the 
future are ~lred. the ranking of diseases by impact will change [see Barnum (198711. Another 
problem of the Ghana study is that the value of a death prevented is based on the average years 
of life extended by the program; however, variability among subgroups in the population may be 
important. Finally, measures of healthy days of life added by a control program have been 
adjusted by a measure of the quality of life. Many questions irre raised by the prospect of this 
index: ( I )  who does the valuing?; (2) how does one life compare to another?; and (3) is the only 
output of health services improved health status? Another problem assigning a monetary value 
to health outcomes. The three major approaches are: (1) hum4 capital theory, based on 
productive output; (2) willingness-to-pay, based upon individuals' willingness to pay for a 
specified reduction of risk; and (3) implied values, based upon what is actually paid for health. 

9. Moore, D.G., G.IJ. Tappan, S.M. Howard, R.W. Lietzow, C.A. Nadeau, W. Renison, J. Olsson 
and R. m e .  1991. Geographic modelling of human carrying capacaty from rainfed agriculture: 
Senegal case study. EROS Data Center, U.S. Geological Survey Tbchnical Riport. 



1JSAlI)/l)irkirr ~lcctlctl to cvslurrtc lllc i~gricrrllurirl potcnliirls of Scrlc~rrl I)y crop i ~ t I ( l  I)y 
rcglon to support ll~cir A~~rictrllurirl Scctor Al~alysls, irs yrirn ol' their (lounlry 1'1.ogrirt11 Strategic 
1'l;un. Thc rrnirlysis was litt~itctl lo r;rinlktl ccrci~l ;uwl cirsl~ crops. 'IPlc tlcvclo~)a~cnt i~ltcrn;~tivcs 
consitlcrctl Ibr incrcirsing ririnfctl irgrlcullurirl prothrction wcrc lo incrc;\sc the croppctl arca, lo 
Incrciwc Iccl~nology (irntl tlic~.ci)y crop yicltls), irntl ir cotnbinirtion of holll. 'l'llc irltcn~irtivc!i wcrc 
cvaluirtctl ;IS li)rccrrsts of i~griculturirl production in tcrms tal' human carrying cirpircily rind gross 
tlomcslic protluct, A gcogrcrphic infi)n~ri~lion syslcm (CiIS) wiis uscd to link knowlctlgc ar~tl 
diitahi~s~s ant1 to provitlc for thcir inslilulionilt mcrnory, The CIS irpproircl~ providcs ii b sc for 
cvalu;rling tlivcrsc sccloral ant1 cross-scctorirl issucs, shaping USAID invcstmcnl, progrirnns ;md 
monitoring thcir ficld impiict. 

10. Morrow, H. if., jr. 1983. A pri~nary Iiealth cure strategy for Glianu. I n :  Practi,rln~ Healtli for 
AlJ edited by Morley, D,, Hulrde, J .  arrd Williarrrs, G. Odord U~riversity Press, Oflord, pp. 272- 
399. 

This pirpcr dcscribcs a proccss of establishing priorities for health programs based on loss 
of hcallhy days of lifc duc to various discascs. "Thc thrcc most important cffccts that a diseasc 
may havc in a community arc as causcs of illncss, disability, and dcath. With some cxccptions, 
othcr social ;md economic cffccts of a di-icirsc arc dircctly rclatcd to its scvcrity as mcasurcd by 
thcsc thrcc f'actors." Data that would pro$ idc a mcasurc of thcsc thrcc filctors wcrc collcclcd from 
sourccs such as: a national ccnsus, cause of dcath from dcath ccrtificatcs (available on abut 12% 
of thc population), in-patient and out-p;iticnt statistics, special survcys, and intcrvicws with 
cxpericnccd clinicians. T;lc annual incidcncc of discasc, disability caused by the discasc, and the 
casc fatality ratc of the disc;\sc wcre mcasurcd and cxprcssed in terms of the number of hcallhy 
days of lifc "st duc to discasc. Oncc the relative importance of diseases arc establishcd, then tlic 
cost-effcctivcncss of various intcrvcnlions must bc determined using a ratio of healthy days of lifc 
saved per monctary unit expended. 

11. Morrow, R.H.jr. 1984. TIie application of a quantitative approach to the assessment of the 
relative importance of vector and soil transmilted diseases in Ghana. Soc. Sci. Med. 
19:1039-1049. 

The Health Planning Unit of Ghana (HPU) developed a quantitative method of assessment 
of the health impact of several different diseases in order to provide information for decisions 
regarding resource allocation to various health improvement programs. Estimates of healthy days 
of life lost through illness, disability, and death arc used to determine the relative importance of 
diseases and to set health priorities. The data needed for the assessment of these effects are: (I) 
annual incidence of disease, (2) disability caused by the disease, and (3) case-fatality rate of the 
disease. The paper contains sample calculations of days of healthy life lost due to disease, as well 
as a ranking cf the top 25 diseases in Ghana. The next step after determining the relative 
importance of diseases is to estimate the benefits of each intervention in terms of healthy days of 
life saved, Finally, one must determine the cost of each intervention znd calculate benefit to sost 
ratios in healthy days of life saved per unit expenditure. [See also Morrow (1983)l 

12. Morrow, R.H., jr., D.W. Dunlop, P.L. Rosenfield and A. Wouters. 1992. Cost-effectivenexs 
analysis: An essential tool for health-related decision making in developing countries. (UnPuB) 

"Essential national health research as used by the Commission on kIeal1.h Res~arch for 
Development encompasses that research which every country must be able to conduct in order to 
make informed decisions concerning health policy, management and resource allocations. Tl~e 
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tirosl i~ill)orIi~~iI i~lli)rti~i~Iio~~ It1;11 tlcillll~ scclor tlccision-~ilakcrs shoulrl Ilirvc l i~ r  ttiitking clroiccs 
irnro~rg irllcrrrirlivc uscs oI' I~cillth rcsoIIrccs is IhilI w1ricI1 ~ C I ~ I ~ C H  rcsourcc irrpuls for hcllllll 
inlclvc~\liotls lo hcrrllh slirlun oulcornc rcsulling frotn Ihosc irilcrvcnlions. lllowcvcr, suclr 
inli~n~lirlion li)r Ihc I~cirltll scclor is lacking not only in tlcvcloping counlrics hut cvcrywllcrc, Thc 
rcscarcll tools riiosl ncctlc(l for :requiring Iiiis infonnirtion rtrc cost-hcncfll ilntl/or cost-clfc'cclivcncss 
rrni:lyscs (CEA). Only rcccnlly l~avc sucli tccl~ni(lucs Ixcn irpplictl in tlcvcloping counlrics, hut 
cvcn in Ihc Icw slutlics cirrricd out so fi~r, subslirnlial diffcrcnccs occur alnong tlictn in tcmis of  
thcir purpt)scs, scopc, mclhotls, and crilcrii~ for dctcmiining cffccls mtl cosls. This pirpcr cxamincs 
mcthotls for identifying, measuring and valuing bcmclits/cffccls irs comparcil to costs of hcalllr 
invcslnicnts tlircctccl lowartl rcduclion of discasc in dcvcloping counlrics. Thc viewpoint lakcn is 
rhilt  tic ccntral purposc of such CEA studics is to assist decision-makers in rcrtching bcltcr 
rcsourcc-i\llocalion tlccisions. A major corrclusion is thc urgcnt nee;! to idcntify and conduct a 
consistcrit scl of empirical studics that atldrcss thc idcntifjcd methodological issucs in CEA ilnd 
Ihat providc rcirl tlala on thc oulcomc (cffccts) of hcallh progralrls and thcir costs as Ihcy arc 
acluallj , srricd out. 

13. Nirno, K.P., V .  Agadzi, R. Asante, R. nirilwum, C. Jones, H.H. Morrow jr., A. Neill, K .  Nelson, 
J .  Owusu, K. Saakwa-Mante, P.G. Smith and F. Wurapa. 1981. A grurntifiirive method of 
assessitrg the health impact of dwferenl diseases In less developed countries. Int. J .  Epi. 
10:73-80. 

The impact of discase in a community is mcasurcd by the number of healthy days of life 
lost through illncsc;, disability, and dcath. This mcasurc reclui~s estimates of thf, following for 
each discssc: incidence ratc; case falality ratc; average age at onset and death and expectations of 
lifc at thcsc ages; and extent and duration of illness and disability. Multiple r,ources of data are 
uscd in the analysis: ccnsus data, cause of dcath as recorded on death cerliricates, inpatient and 
outpatient statistics, and special surveys. The above measures were estimated for about 50 causes 
of death deemed important in Ghana by the Ghana Health Assessment Project team. The diseases 
and health problems \.re then ranked in importance based on the healthy days of life lost. 
Malaria ac .ounted f ~ r  10.2% of healthy days of life lost, the largest percentage for any single 
disease. A.lhough the ranking is useful information, decisions regarding priorities should favor 
pTograms which most reduce the burden of illness, disability, and death for a given unit of cost. 
r i  program may simultaneously reduce the effects of mon: than one disease, and a panicular 
disease may be affected by more than one program. This point is illustrated by a comparison of 
two programs to treat measles--vaccinations and outpatient care for patienls with meades. Sixteen 
times as many days of healthy life are saved by tile immunization program. 

14. Popkin, B.M. 1982. A household framework for examinin~l the social and economic 
consequences of tropical diseases. Sci. Med. 16.533443. 

This paper attempts to show how social science methods used by economists can provide 
a framework for designing tropical disease im~act  research. Broadly defined dimensions of 
individual and household activity arc felt to Ird more useful for ,aderstanding the causal pathways 
through which tropical disease affects behavior. The New Home Economics (NHE) framework 
emphasizes the value of time, the allocation of goods and time within the household, and the 
importance of considering nonmarkct aspects of behavior in asse!uing household effects. 

15. Prescott, N.M. 1979. Schistosomiasis and development. World Develoument 7:'-14. 

This paper evaluates evidence relating to the belief, long held by tropical health workers, 



thi~t scl~lstosotl~insis col~trol w,?uld contribute signilici~nlly to cconomic tlcvclopti~cnt. Mircn: 
.~~ t l tns tc~  of thc I~ncll t  of control havc assurtlctl that scl~istosomi;~rti Irilpaiw llahor productivity 
In illl lnfcclcd cascs imtl that its clltnIn;~lion woultl ylcltl ~lubstantiril pn)tlucllvltly gains. Thcsc 
bcncllts liavc bccn gcncralrzcd lo thc cntlrc infcclctl population without rcgartl lo its composition 
by ibgc, sox and productive r~ctivily and implieilly havc lwcn assumcd to accruc as a rcsull of 
complctc, instantaneous and costlcss eradication, Micro rcscarch on thc cSfccts of schisbsomiasis 
on worker prr)tluctlvity I~as obscrvcd a small cffcct in solnc instanccw, but othcr dctcrminants of 
productivity may not havc bccn propcrly contmllcd. flowcvcr, micro ~cscarch on aclivc workcrs 
mo!it likcly untlcrcstirnitlcs thc impact of schislosomiasis bccausc thosc with scvcrc, disabling 
illncss arc automalicv,ily cxcludcd. 

16. Roserflield, P.L., F. Golladay and R.K. Ilavfdson. 1984. The econotnfcs of parasitic diseases: 
ltosearch priorities. Soc. Sci, Med. 19:1117-1126. 

Thc purposc of this papcr is lo rcvicw UIC statc of rcscarch on social and economic 
conscqucnccs of malaria, schistosomiasis, filariasis, trypanosomiasis, lcishmaniasis and lcprosy -- 
the six diseases chat are thc focus of thc Spccial Programme of Research and Training in Tropical 
Diseases at WHO, The Special Programme confronls two major questions rcgarding priorities for 
rcsourcc allocation. ( I )  How much cl'forl should be dcvotcd to improving the methods available 
for prcvcnting cach of thc six discascs? (2) What arc the probable net gains from control activities 
that use either existing or emerging technologies? A conceptual framcwork is presentcd for 
examining the effect of disease in terms of: ( I )  the availability and productivity of home and 
market time; (2) the demand for various subsistence commodities (nutrition and health); and (3) 
demand for goods that are inputs in the production of better health (health services, improved 
housing, improved water supplies). Resu:' ; :,f studies about social and economic consequences of 
parasitic diseaes should be used to inform decision-makers and strengthen support for increased 
investment in the reduction of the parasitic disease burden in developing countries. 

17. RoseNkld, P.L., C. Widstrand and A.P. Ruderman. 1981. Social and economic research in the 
UNDPIWorld Bank Special Programme for Research and Training in Tropical Diseases. $&. 
Sci. Med. 15A:529-538. 

This paper describes the early planning stages of a Social and Economic Research 
Scientific Working Group as part of the UNDPIWorld BarWWHO Special Programme for 
Research and Training in Tropical Diseases. The agenda stresses evaluation of the economics of 
alternative exis'.'..g and planned control measures (e.g., cost-effectiveness analyses); analysis of 
the interaction between disease transmission and economic development activities; and 
examination of social, cultural and behavioral aspects of disease transmission and control. Special 
effort is giver. I;, developing collaborative research projects among medical and social scientists 
from countries where tropical diseases are present. 
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