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July 22, 1977
 

ACTION MIEMORANDUM FOR THE ASSISTANT ADMINISTRATOR, TAB
 

FROM: 
 TA/H, Lee M. Howard, M.D.
 

Problem: 
 Your approval of the attached Research Project Statement
for project Socio-economic Analysis of Impact of Water Projects
on Schistosomiasis (Water Projects Effects) is requested.
 
Background: One c3mmon environmental health problem resulting from
water resource projects is the increased spread of schistosomiasis.
Several models have been developed tj predict the impact of such
projects on the transmission of the infection, but the complexities
and data requirements of most of these models limit their general
applicability. 
In 1975, AID, as a part of its Graduate Work Study
Program, sponsored the development of a model which is believed to
have better prospects for use. 
That model was designed to permit
the prediction of the future course of schistosomiasis transmission
in water resource projects, to permit the analysis of transmission
under existing conditions and to provide a 
basis for estimating
the cost effectiveness of available interventions. This project
proposes to test that model against another set of data to confirm
its validity and usefulness.
 

Utilization: 
The results of this project are expected to provide
another tool for the assessment of the environmental impact of
development projects and to improve the implementation of Agency
policy on 
development and the environment. 
It will also provide
an improved tool 
for selecting the most appropriate means of
controlling schistosomiasis transmission under locally prevailing

conditions.
 

The proposal has been reviewed and endorsed by the R&DC. 
 The RAC,
at its July 1977 meeting, considered the proposal and endorsed it
with the condition that "during the period of applying the model to
the Tanzanian data the Principal Investigator direct some effort to
the specification and trial of additional variables and/or stochastic
characteristics of the two variables which might improve prediction

of infection." 
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The 	proposal from Dr. Rosenfield of Resources for the Future has
 
been reviewed by the Office of Health and meets the requirements

of an unsolicited proposal contained under AID PR 7-4.5301 (e).
 

Recomnendations: It is recommended that you:
 

1. Indicate your approval of the project by signing the attached
 
Project Authorization and Request for Allotment of Funds 'orm which
 
authorizes one-year funding in the amount of $77,000.
 

Attachments:
 
1. 	Project Authorization and Request
 

for Allotment of Funds
 
2. 	Research Project Statement
 

Clearances: 
DAA/TA: CDMcraw ! .Date_ 
AAA/TA:TSchwarzwalder4(-.Y Date ..
TA/RES:MRechcigl s/ WDate-8--77 
TA/PPU Simpson IDate 

TA/H?EH Fho4":jss:7/21/77 :X-59020
 



RESEARCH PROJECT STATEMENT 
 O F 

Prolect Title: 
 Socio-economic Analysis of Environmental
 
Health Problems (Short title: 
 Water
 
Project Effects)
 

New or Extension: 
 New
 

Time Period: 
 Twelve months
 

Estimated Total Cost: 
 $75,581
 

Principal Investigator: 
 Patricia L. Rosenfield, Ph.D.
 
Resources for the Future
 
1755 Massachusetts Avenue, NW.
 
Washington, D.C. 
20036
 

Project Manager: 
 James F. Thomson, TA/H
 

Narrative Summary: 
 Project evaluation and feasibility studies
 
of water resource projects currently being

prepared tend to concentrate on the direct
 
economic costs and benefits of the proposed

project, i.e., 
costs of construction and
 
operation and benefits from increased employ
ment and agricultural production. 
 Virtually
 
no considerations are given to possible

adverse environmental impacts occasioned by
the project which result in decreased human
 
productivity and increased medical care costs.
 

One common example of environmental health
 
impacts resulting from water resource projects

is the increased spread of schistosomiasis.
 
Schistosomiasis is a disease intimately
 
associated with the introduction or increase

in water availability in places as 
diverse as

Brazil, Tanzania, Egypt, Iran, Philippines,

and the People's Republic of China. 
Schisto
somiasis also thrives at 
low levels of development in the presence of inadecuate domestic
 
water supplies, inadequate waste disposal

facilities, lack of formal education, and mal
nutrition. 
The dual association of water and
 poverty makes schistosomiasis representative of
 
the varied environmental health impacts from
 
development projects.
 



Narrative Sumnary: (Cont'd.) 
 This studr proposes to use schistosomiasis
 
as an indicator of environmental health
 
impacts from water resource projects to
 
confirm a method of predicting the intensity 
of the impact and to determine the costs and 
effectiveness of strategies to prevent those 
detrimental effects. 



SOCIO-ECONOMIC ANALYSIS OF 

ENVIRONMENTAL HEALTH rROBLEMS 

A. The Research Goal 

1. Goal Statement 

The goal of this research project is to improve the quality of 

life of the some 700 million rural people living in areas of endemic 

schistosomiasis, 200 million of whom are afflicted by the disease, through 

more effective disease control programs.
 

2. Measurement of Goal Achievement 

Progress toward accomplishment of this goal can be measured 

inter-alia by: 

a. Reductions in morbidity and mortality rates. 

b. Increased production of food and fiber.
 

c. Improved scale of living.
 

d. Enhanced dietary intake
 

3. Assumption of Goal Achievement
 

Pre-requisites for goal achievement all of which are believed
 

to be present are:
 

a. LDC Governments have a sincere desire to improve quality
 

of life of their rural poor.
 

b. LDC planners would allocate available resources in a more
 

optimal cost-effective manner if they possessed an appropriate analytical
 

tool.
 

c. LDC resources, although limited, are adequate to initiate 

optimally planned long range programs. 
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B. 	The Project Purpose
 

1. 	The Project Purpose is Two-fold:
 

a. 
To expand a previously developed schistosomiasis transmission 

simulation (STS) model into a methodology which will permit national 

planners in schistosomiasis infected countries to determine the environ
mental health impacts of water resource development projects and choose
 

most effective control measures. 

b. To provide AID with a tested tool to use in the preparation, 

for water resource projects, of environmental analyses acceptable to the
 

Council for Environmental Quality under the legal requirement of-Section
 

1023 of the National Environmental Policy Act.
 

2. 	End of Proect Status
 

Two categories of conditions are foreseen as marking the
 

project end point:
 

a. 
The 	methodology is determined to be appropriate or inappro

priate for accomplishing the stated purposes.
 

b. 	Methodology, if appropriate, has been published and circulated,
 

to 	donor agencies and governments interested in schistosomiasis control.
 

3. 	Basic assumptions at this level are 
three:
 

a. There is a relationship between health benefits and socio
economic development projects which can 	be demonstrated quantitatively 

and 	qualitatively.
 

b. Both the costs and effectiveness of each component of various 

mixes of preventive and curative schistosomiasis abatement control 

programs can be identified; and
 

c. A methodology derived from b, above, would constitute a
 

useful planning tool.
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C. Statement of Project Outputs
 

1. Outputs and Output Indicators
 

The paramount output will be - methodology of determining cost 

and effectiveness associated with alternative schistosomiasis control
 

strategies. 
This output will result from collecting, analyzing and
 

synthesizing three types of data: 
 epidemiological (including but not
 

limited to prevalence, incidence, and intensity of infection); monetary
 

costs (project capital costs and disease control costs); and effectiveness
 

of the various control methods.
 

Output 
 Indicator 
 Target Date
 

i. Confirmation of 
 1. Report of Confirmation 1. 9 mos. 
after initiation

ability of model to 
 of project.

predict level of schisto
 
prevalence.
 

2. Ability to determine 1. Milestone report 
 1. 11 mos. after beginning.
cost-effectiveness of 
 ranking alternatives in
 
various disease control 
 terms of cost-effective
strategies. 
 ness.
 

3. Methodology for pre-
 1. Final report on 
 1. 12 mos. after start.

dicting environmental Methodology
 
health impacts and for
 
analyzing cost-effective
ness of strategies to
 
reduce adverse impacts of
 
water resource projects.
 

2. Basic Assumptions
 

Basic assumptions include the following:
 

a. Data from the Tanzanian project include record of intensity
 

of infection, costs of control measures, infection reduction, and are
 

sufficiently comprehensive to show a cause effect relationship.
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b. The present STS model can be modified to provide a sequential
 

expenditure cost-effectiveness curve.
 

c. Established patterns of behavior, e.g., unhygienic habits, 

can and will be modified by health education and sanitation programs 

if those programs are designed in keeping with the customs, past 

experiences and present needs of the people and if they perceive 

individual benefits of the new way. 

D. Project Inputs 

1. The contractor's inputs will include but not necessarily be 

limited to: 

a. The STS mathematical relationship formula. 

b. General supervision of entire project.
 

c. Provision of requisite technical manpower.
 

d. Consultants.
 

e. Analysis and modeling capability.
 

f. Backstopping facilities (computer time, libraries, printin-

facilities, laboratories, etc.) as required.
 

2. Cooperating Agency inputs include:
 

a. Access to data of study site.
 

b. Collaboration of the Cooperating Agency officials.responsible
 

for the Tanzanian schistosomiasis control program. This includes review

ing and commenting on developed methodology. 

3. AID/W inputs:
 

a. Life of project funding.
 

b. Project monitoring. 

c. Liaison with cooperating agency. 
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d. Reproduction and dissemination of final report.
 

E. Significance and Rationale of Research
 

The purpose of the project is subsumed under the Agency's overall
 

objective of improving the quality of life of the some 
 700 million rural 

people living in areas of endemic schistosomiasis. Favorable quality 

of life indicators include inter-alia; low mortality and morbidity 

rates; improved production of food and fiber; improved housing and 

environmental surroundings; -and improved dietary intake. Improvements 

in these areas can be made as costs of schistosomiasis control programs 

are decreased. The project, therefore, seeks to consider each point 

of intervention in a schistosomiasis abatement program and to determine 

which control method results in minimum costs in cost-effectiveness 

terms. -The project may be considered comploted when the methodology 

developed is regarded by AID and other donor agencies, such as the
 

International Bank for Reconstruction and Development (IBRD), as 
a
 

management tool for incorporating into original project analyses the
 

effectiveness and costs of preventing potentially adverse environmental
 

health impacts resulting from water resource development projects.
 

The importance of schistosomiasis as a deterrent to social and
 

economic progress in many developing countries has been recognized for
 

many years. 
While the disease has been known for centuries, calcified
 

parasitic ova having been found in two Egyptian munies 1250-1000 B.C.
 

circa, it has become of increasing concern during the last two decades as
 

water resources development projects have proliferated and spread the
 

snail vector into new areas. Today the disease undoubtedly is a costly
 

burden contributing to inefficiency and waste in the use of natural
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resources, to needless consumption ._!food energy, and hindering culti

vation of irrigated land. It remains a pervasive foe of the "Well-being of
 

people', which is central to the objectives of U.S. foreign assistance.
 

A quarter of a century ago an estimated 200 million persons were
 

infected (Stoll, 1947), but as the world population doubled between
 

1935 and 1970, and with 507. of the population in many areas being under
 

15 (the age group most prone to schistosome infection), the population
 

now infected may be.. in the region of 300 million. There is little
 

sign that the number is being reduced. In fact, evidence shows that the 

building of dams and in many areas the irrigation schemes that follow 

(frequent components of the foreign aid programs of the United States 

and other donor countries), cause an increase in prevalence and intensity 

of infection and spread it to previously uninfected areas. 
It is
 

estimated that the disease is endemic in 70 countries or island 

territories which in 1972 had an estimated population of 1600 million. 

AID for several years has recognized schistosomiasis as a disease of 

growing importance because of the close association between increased
 

transmission, development of new water projects (particularly irrigation
 

systems and water impoundments), low levels of sanitation, malnutrition
 

and illiteracy. More recently, the Agency's Near East and Africa 

Bureaus are showing evidence of growing interest. Specifically, the 

Near East North Africa Bureau is considering the schistosomiasis 

risk of an irrigation scheme being planned for Morocco and is anticipating 

requests for assistance from Egypt and a number of other countries. The 

Africa Bureau has recruited technical consultants for Swaziland and is
 

considering incorporation of plans for control in new development
 

projects such as Volta and Senegal River Basin projects.
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The International Bank for Reconstruction and Development now routinely 

requires the incorporation of plans for schistosomiasis control in new 

water management schemes which it supports if they are situated in an 

area where schistosomiasis is a threat. The Rockefeller Foundation is
 

supporting an extensive control project in St. Lucia, West Indies. The
 

Edna McConnell Clark Foundation provides support for the testing of
 

anti-schistosomal drugs. The World Health Organization is engaged in
 

a number of abatement programs. All such programs require a heavy 

expenditure of funds--expenditures which might be materially reduced 

if workers had an acceptable methodology of calculating the cost

effectiveness of each of the various experimental interventions tried. 

This project is designed to provide that methodology. Numerous workers 

have developed models to analyze the dynamics of transmission. A joint 

AID/WHO "Symposium on the Future of Schistosomiasis Control" in 1972
 

recomended that economic impact studies of schistosomiasis be conducted. 

To this objective, therefore, AID sponsored research on a transmission 

simlation model which for the first time considered the man-water-snail

water-man interaction as modified by the dynamics of environmental 

change, and control and/or treatment measures. 

In September l1974, the U.S. Secretary of State announced to the 

United Nations t.at the U.S. within the next few months would present its 

proposals for r, concerted effort to control schistosomiasis. The following 

study is therefore seen as being responsive to the Secretary's initiative.
 

The study proposes to use schistosomiasis as an indicator of environ

mental health impacts from water resource projects to predict the impacts
 

of increased water availability on schistosomiasis transmission and to
 

determine the costs and effectiveness of strategies associated with
 

preventing those detrimental effects.
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In the past, project evaluations and feasibility studies of water
 

resource projects have concentrated on the direct economic costs and
 

benefits of the proposed project, i.e., costs of construction and
 

operation, plus benefits from increased employment and agricultural
 

production. Virtually no consideration has been given to possible
 

adverse environmental impacts occasioned by the project which have
 

resulted in decreased human productivity and increased medical care 

costs. Examples of these studies are the guidelines for analyzing the 

costs and benefits of water resource development projects issued by
 

UNIDO (1972) and OECD (1968). These along with more detailed works by
 

Maass (1962) and Eckstein (1958), concentrate on the economic problems
 

involved: choice of appropriate discount rates, time horizons, direct
 

and indirect monetary costs and benefits, allocation of joint costs and
 

benefits, and other aspects of public investment criteria. Indirect
 

costs due to adverse environmental health effects were not included
 

nor were the benefits of preventing adverse effects through alternative
 

project designs or protective measures.
 

On the other hand, the economic effects of schistosomiasis have 

been studied by Wright (1972), Farooq (1964), Fenwick (1972), Weisbrod
 

(1973) and Jobin (1972), et. al. Wright and Farooq estimated costs of 

the disease on a national basis, considering in each case the total 

costs of medical care, unemployment, and decrease in labor productivity. 

The others have each taken a specific project area to estimate the costs 

and benefits of control programs on the economic effects of the disease.
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Only Jobin has attempted to develop a more generalized methodology 

for cost-benefit analysis of control measures based aon model that 

simulates transmission of the disease in populations and snails.
 

Despite these works and others concerning health resources planning
 

and health economics there are few, 
 if any, analyses of enviromental 

health impacts resulting from development projects wherein the environ

mental health impacts have been quantitatively included in the original
 

economic analysis of the project.
 

The increased spread of schistosomiasis is a common example of an
 

adverse environmental Impact resulting from water resource projects. 

Schistosomiasis is a disease intimately associated with the introduction 

or augmentation of water availability in places as diverse as Brazil,
 

Tanzania, Iran, Philippines and the People's Republic of China.
 

Numerous water resource development schemes located in endemic
 

schistosomiasis areas have been financially assisted by AID. The 

disease thrives at low levels of development in the presence of in

adequate domestic water supplies, inadequate waste disposal facilities, 

lack of formal education, and malnutrition. The dual association of
 

water and poverty makes schistosomiasis representative of the varied
 

environmental health impacts from development projects.
 

In summary, to analyze the environmental health impacts of 

development projects and to determine the costs and effectiveness
 

of preventing these impacts in developing countries, it is necessary
 

to 1) predict the environmental health impact, 2) estimate costs of
 

preventing the impact, and 3) develop the methodology within the
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same framework as that used in the traditional project analysis. The 

purpose of this study is to confirm a methodology developed for 

environmental health analysis of an existing water resources project 

and, if time permits, to apply the methodology to an area of new
 

water resource development. 

F. Plan to Facilitate Utilization of Research Results 

As stated before numerous organizations are concerned over the 

spreading of schistosomiasis. The World Bank, WHO, PAHO, UNEP and 

others are united on the desirability of identifying effective control 

measures. All are eager to obtain a method of developing economically 

sound and environmentally sensible development strategies, and to
 

identify those which are most cost-effective.
 

The results of this study will be disseminated through those agencies
 

and by the scientific and medical press. Within AID, the work should
 

affect projects handled by TA/AGR, TA/H, TA/RD, SER/ENGR and each of
 

the Regional Bureaus.
 

G. Management Considerations
 

1. This is expected to be a sole source procurement based upon
 

the rights of the proposed principal investigator in the STS model 

and her employment by RFF. 

2. The proposed contractor, Resources for the Future, Inc., is
 

a non-profit organization partially funded by the Ford Foundation.
 

It is capable of providing both administrative and technical
 

supervision plus clerical, accounting, library etc., as required.
 



Administrative supervision will be provided by Dr. Emory Castle,
 

Vice-president RFF and by Dr. Lincoln Gordon, former Ambassador to
 

Brazil, Assistant Secretary of State and President of Johns Hopkins
 

University. Technical supervision will come through Dr. Clifford 

Russell, well known economist and environmentalist with expertise 

in modeling for environmental quality. The Contractor will provide 

office space, secretarial assistance, computer facilities and overall
 

guidance. In addition, the Schistosomiasis Unit of WHO has offered
 

their services as reviewers of the research at all stages. 

3. The method for project evaluation will be developed jointly by
 

the Agency's project manager and external expert advisors. 

H. Technical Review 

An earlier proposal to apply the model to additional data to be 

developed in Iran was presented in early 1976. Technical and RAC 

review confirmed the desirability of testing and modifying the model 

and developing the methodology. There were, however, reservations
 

concerning the proposal to attempt cost-benefit analysis, the use of
 

Iranian data and the high cost of the project. The consensus was that 

limited funds be provided to apply the schistosomiasis transmission 

-simulation model to data available through WHO. The project as 

presented herein is responsive to that consensus.
 

I. Research Project Design, Methods and Work Plan 

I. Implementation Plan 

The objectives of this study which will lead to a practical
 

methodology for environmental health impacts analyses of water resource 

projects are based on a knowledge of the epidemiology of the environmental 
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health impact under study, i.e., schistosomiasis, the design of the 

water resources project or the knowledge of human water contact sites,
 

and the costs and effectiveness of the alternative strategies for 

controlling/preventing the disease from spreading.' The study will be
 

based on the STS model developed by the proposed investigator.. This
 

newest model is based on environmentally sensitive parameters of
 

disease transmission, i.e., meters of snail habitat, number of people 

sick, and the data requirements are few. Throu h the use of this model, 

verified with data from an irrigated area in Iran, it will be'.possible 

to predict the impact of a planned water resources project on the spread
 

of schistosomiasis. By using and expanding the cost-effectivenesr
 

analysis associated with the predictive STS model, the costs and
 

benefits of alternative control strategies for preventing the spread of
 

the disease may be estimated. Basic improvements in living conditions
 

that will further assist in controlling the disease, e.g., improvements
 

in domestic water supply and waste disposal, and health education
 

programs will be included in the economic analysis of preventing the
 

spread of the disease. The multiplicity of control strategies and
 

the unknown cost-effectiveness of each is clearly wasting funds each
 

year. The proposed study will permit the development of a methodology 

which will permit planners from LDCs or international agencies to 

1) utilize environmentally sound strategies of development, 2) analyze
 

economic and social effects of environmental health problems associated
 

with water resource projects, and 3) utilize realized savings in
 

provision of amenities and improvements in the standard of living.
 

Such a methodology has not been developed and is clearly needed.
 

To develop the methodology, the model will be applied to data from a
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schistosomiasis control program in is andTanzania which available 


lends itself to 
study using the model. Overall time schedule and cost 

data are attached hereto.
 

As indicated above the complete study consists of three phases or 

objectives.
 

a. Objective 1 - Confirmation of model for predicting level of 

prevalence of schistosomiasis.
 

This objective will be reached through appropriate modification
 

of the STS model which has been verified with data from an irrigated
 

area in Iran. Prior to conception of the STS model it was known that the
 

two fundamental processes of infection and de-infection of schistosomiasis
 

may be expressed as one simple rate process by the following equation
 

(Muench, 1959):
 

dY / dt = A(1-Y) - BY (I)
 

where Y is the fraction of the population infected with schistosomiasis,
 

A is the force of infection, B is the force of de-infection. Equation 1
 

states that the rate of change in schistosomiasis prevalence is a function
 

of the rate at which healthy people become infected and infected people
 

lose the infection. An important assumption in the equation is that as 
infected individuals lose the infection, they join the pool of susceptible
 

individuals. 
In con.rast to previous models (Hairston, 1965b), immnity
 

to re-infection is not considered in this model. 
With S. haematobium
 

infections there is reason to think that changing exposure to snail
 

habitats (as would happen with a new water resource project) plays a
 

more significant role than immnity in the transmission cycle.
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A solution for Equation 1 for the boundary conditions Y = 0
 

at t 
 - 0 has been given by Muench (1959):
 

-(A+B) t 
Y = A (l-e ) (2)A+B 

The new STS model is based on three equations derited from the
 

basic -ransmission Equations I and These
2. equations and their components 

are shown in Table 1 attached. In the STS model, the numerical values for 

the infection rate A, have been determined for several villages from 1964 

through 1973 from data collected by the Bilharziasis Control Project (BCP) 

staff through annual examination of a selected group of 0 to 10 year
 

olds initially diagnosed as negative on the basis of 3-day urine tests.
 

These field values of A are directly related in the model to transmission
 

factors of the disease, snail habitats and number of people infected, by
 

regression analysis. 
After several different trial regressions, the
 

most successful equation for estimating A was found to be the interaction
 

of meters of accessible snail habitats (H) and number of people
 

infected (p): 

Hbl b,

A = b0 (H x p) (3)
 

where b0 , bl, and b2 are determined in the regression analysis.
 

The force of de-infection, B, is the natural loss' rate of the
 

disease. 
The value used in the model was estimated from steady-state 

data to be 0.2, and is considered constant over all ages and years in 

the model. The value agrees closely with values estimated by Hairston 

(1965b) for S. haematobium in Syria and Egypt. 
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Estimates of the force-; of infection and de-infection are used in
 

the simulation of changes in prevalence oyer time. The time unit for
 

the model is one year because that is the unit of time the BCP used for
 

their data collections. Siulation of prevalence is accomplished with 

iterative use of the following equation:
 

Yt+l = I(1-Yt) -BYt+ Y t (4)
 

where Yt is the fraction positive in the beginning of year t, B is the 

force of de-infection, and Yt+l is the fraction positive predicted for
 

the end of year t or beginning of year t+l. I is the fraction of
 

uninfected people who become positive at the end of one year. I can be
 

expressed as a function of A and B by solving Equation 2 for Yt when
 

t=1:
 
- (A+B)

I = Y1 - Y = A (l - e ) (5) 

The STS model simulates changes in levels of prevalence over time. 

A flow diagram which schematically represents use of the model is given 

in Figure 1. With values of A, B, 1, and Y0 a model run is accomplished 

by solving for Y19 Y2 , ''' YT' where T is the number of years in the 

planning period, by seccessive application of Equation 4.
 

Data on prevalence (Y ) are required for the initial year of
 

operation. Data required for each year include meters of accessible
 

snail habitats (H)and total population. The data used in the model
 

are corrected to account for actual events that occurred during the
 

year of analysis. For this reason, only meters of accessible snail habitats
 

not molluscicided nor improved by engineering measures are included. A
 

chemotherapy correction factor, (Q), the fraction of total number of infected
 

people treated over total number infected, is applied when appropriate.
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TABLE 1 - STS EQUATIONS AND NOTATION 

bl b2 

A = b0 (H x P (regression)
 

I A ( - (A B) (transformation) 

=Y At+lI ( -Y - BYt + Yt (simulation) 

A = force of infection per village. 
b0 intercept of line of best fit in regression equation.
 

H = accessible snail habitat (meters per village). 

P = people infected (number per village). 

b, regression computed exponent of H. 
b2 regression computed exponent of P. 

I = incidence rate per village (fraction of people that becomes 

positive over one year). 

B force of de-infection per village (natural loss rate). 

e = base of natural logarithms. 

Y = fraction of population positive in year of analysis per 

village. 

Yt+l - fraction of population positive in following year per village.
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Flow Diagram for Operation of STS Model
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The advantages of this methodology are that the model is based 

on environmentally sensitive parameters of disease transmission (i.e.,
 

meters of snail habitat) and that the data requirements are few.
 

In operation, prediction of the population positive with
 

schistosomiasis is made by iterative use of equation (3). Effects of 

the irrigation project or changes in water contact sites may be postu

lated by assuming changes in the meters of snail habitats resulting
 

from increased water availability due to the project.
 

The epidemiological data include information about the forces
 

of infection and de-infection of the disease and about the prevalence
 

of disease and extent of accessible snail habitats. Additional data
 

that are available to the contractor from the WHO Tanzania 001 project
 

will permit modifications of the model to increase the reliability of
 

model predictions. 
These data include seven years of age-specific 

egg count data ( a measure of the intensity of infection), observations
 

on the duration and amount of human contact with a variety of water
 

sites (reservoirs, canals, streams, and ponds), and seasonal variation
 

in snail habitats and water contact activity. These observations
 

were made prior to, during, and following use of control measures so
 

that the data represent baseline and ex post transmission conditions.
 

Major efforts during this stage of the project involve refining 

the STS model to use egg count data and to incorporate seasonal variation 

and migration data in the transmission equation. In addition, the impact 

of the different water contact sites will be examined. Computer
 

analyses will be made to accomplish this confirmation and consultation
 

with the staff of the Malaria and Other Parasitic Disease Division, WHO,
 

would be appropriate. In addition, consultations with an ecological
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modeler, such as David Bradley, Director, Ross Institute of Tropical
 

Hygiene, London School of Hygiene and Tropical Medicine, will provide
 

useful reactions as the confirmation work continues.
 

This stage is estimated to require a total of 18 man-months of 

effort from the proposed investigator and assistant, computing time, 

travel to WHO, office expenses, and ecological modeling consultant 

for a total cost of $48,435. A preliminary report will be submitted 

at the end of this stage. 

b. Objective 2 - Calculation of costs and effectiveness of
 

different combinations of control strategies to prevent or limit the
 

spread of the disease.
 

Activities under this objective will lead to an estimation of
 

Included
the costs and effectiveness of alternative control strategies. 


in the analyses will be considerations of possible alternative combina

tions of control measures, such as the traditional ones of mollusciciding,
 

chemotherapy, and engineering and also the more infrequently used
 

controls of improved sanitation and water supplies, and health education.
 

way of
In addition, the design of water projects will be examined as a 


preventing the spread of schistosomiasis. The costs of different
 

programs will be estimated. Finally, different measures of effective

ness will be studied such as reduction in the absolute level of
 

schistosomiasis, preventing the disease from spreading, minimizing
 

man-years sick.
 

The final output will present the rankings of alternative control
 

programs based on the results of the cost-effectiveness analyses.
 

Discussion of the different effectiveness, or environmental health goals,
 

will take place with both health and development personnel in the field
 

area.
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It is expected that the total time required for this stage 

is 4 man-months which will be spent analyzing different control 

possibilities and estimating the costs and effectiveness of the
 

different strategies. This stage will begin after model confirmation.
 

This objective will require 4 man-months of effort on the part of 

the principal investigator and her assistant, computer time, office
 

supplies, etc. - for a total cost of $14,516. A brief report will be
 

submitted at the conclusion of this stage.
 

c. Objective 3 - Methodology for analyzing envirdnmental 

health impacts of water resource projects. 

The final activity for the study, based on the results of the
 

above analyses, will be the development of a quantitative, yet
 

practical, methodology for predicting and analyzing the economics of
 

preventing environmental health impacts from water resources development
 

projects.
 

The predictions will be made via the essential STS parameters

meters of snail habitat and number of people infected. The costs of 

reducing both of these terms by alternative methods will be evaluated and 

then compared with measures of effectiveness in disease prevention and 

reduction. The results are expected to be in a form compatible with
 

development project analyses completed by AID, the World Bank, and other
 

donor agencies. In addition, results will include the damage function for
 

costs of controls-e.g., how much will reduction in disease reduce damages
 

from the disease (in dollar and physicil terms), and consideration of
 

other objective functions in the context of linear programming-e.g.,
 

minimizing costs of disease and maximizing number of people healthy, etc.
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It is expected that this stage will require 2 man-months for 

completion. At the end of the second month of the study, a final 

report will be submitted to AID. 
Inputs for this stage include time of
 

the principal investigator and her assistant (2 man-months), a computer
 

modeler, office supplies, computer time, etc., all valued at $12,629. 
The
 

final report will be available to AID at the conclusion of this stage, at
 

approximately 12 months after initiation.
 

2. Project Budget - see Attachment I. 

3. Project Schedule - see Appendix I. 



ATTACHMENT I
 

Estimated Life of Project Costs and Budget
 

12-Month Contract Per
 

Man-Months Estimated Cost 

1. Salaries 
 24 	 $31,060
 

2. Fringe Benefits @ 20% 6,212 

3. 	 Overhead
 
Salaries + benefits $37,272 @ 407. 
 14,909 

4. Consultants 
 3 	 9,000 

5. Travel (3'RT to WHO) 2,400 

6. Allowances ($50 per diem/60 days) 
 3,000
 

7. Other Direct Costs (none)
 

8. Computing time (10 hours @ $500/hr.) 5,000 

9. Supplies (postage, telephone, Xerox) 
 1,O00
 

10. Report Preparation 
 1,000
 

11. Printing and Reproducing 
 -	 2,000 

2 	 $75,581
 



LIFE OF-PROJECT SCHEDULE 1 2 3 4 5 6 7 8 9 10 11 12 

Activity/Output 

1. Objective 1. -Environmental 
Health Impact 
a. Epidemiological data 
b. Water contact sites data 

Prediction of environmental 
health changes-report 

c 
c 

H 

2. Objective 2. -costs of 
Preventing Environmental 
Health Impacts 
a. alternative strategies

analyses 

b. cost and effectiveness 
analyses of alternatives 

cost-Effectiveness Analyses 
Estimates - Report 

s 

s 

c 

c 

H 

3. Objective 3. 
Methodology for environmental 
health impacts 
a. computer analyses 
b. final report preparation 

s 

S 

c 

C 

FINAL REPORT 
FR 

s - start of work 
c - completion of work 
M - milestone report 
FR - Final Report 



AID te .l.I 	 PROJ ECT DESIGN SUMMARY Life of P,.eich
Fas- FY 1977/ 1. FY-gl 

LOGICAL FRAMEWORK 	 TotI U. S. Fv.&-v $75,581 

.7Z.........
Date piqiocedl: 

P,olecl Title 9 1Numbe,: _e cooo2ng AnyLI.LEviroOmentei lealti, Problems (short titlet Water Project Fffects) 

NARRATIVE SUMMARY 

Progroi orSeclc Goal: Tie beooJer objective to 
*Alc dth1ipoject cont'lllut: 

Improve the quality of life of the some 
700 million rural people living In 

Menas 	of endemic chistoaomlaale. 200 

111lon of whom are afflicted by the 


disenae, through more effective disease 

control programs.tool.
 

Project Purpose! a. Expand previously devet-

oped STS model Into methodology which
will permit national planner. in achisto 

Infected countries to determine environ, 
helth impacts of water reource devel-
.opmont projects & choose most effective 
control measures. b. Provide AID a 
tested tool to tne in preparation, for 

water resnurce projectst of environmental 
snalynes acceptable to oun cl1 For Envi-
ronmental qality under legal require-

ment of Sec. 1028 of atIonal Environ
-mental Policy Act, _ 

Outpuos: 
a. Confirmtlon of ability of model to 

predict level of schiato prevalence. 

b. Ability to determine cost-effective-

"eos of various disease control 

strategies. 

c. Methodology for predicting envirno-

mental heaith impacts & for analyzing 

cost-effectivenees ot atrategies to 

reduce adverse Impacta of water resource 

projects. 


Sngtvs: 
a. AID/W - Funding, monitoting, liisan 

with Cooperating Agency.
reproduction 4 issemlnation 
of final report.
 

b. Contractor - Ifethemtical relation
ship formula# technical man
power, aupervialon, consui
tentsd analysis tohodeling

cpabillity, backatopping 
facilities.
 

c. Cooperating Agency - Access to proj
ect data, colleboration of
 

officlals responsible for
 
Tanzanian control program.
 

OBJECTIVELY VERIFIABLE INDICATORS 

Mesurei of Gool Achlevemen: 
e. Reductions In morbidity & ortal-

ity rates. 

b. Increased production of food, and 

fiber. 

c. Improved scale of living. 
d. Enhanced dietary Intake. 


o 

C hbed that nhpeilsate pupose ho teen 

adhievea: End of p.51cc totus. 
a. The methodology Is determined to 

be appropriate or Inappropriate for 
ccomplslhng the stated purposes. 
I. Ilethdology, If appropriate, has 
been published and circulated, to I 
donor agencies and governmente 
InteresteA In achlstosomlials control 

Mog1u. of Outputs: 
i. Report of Confirmation. 

2. Mlile tone report ranking alternsk 

tives In terms of coat-effectlvenedo. 

c. Final report on methodology, 


l|mpleme"otlor Toget (Type asd Ouontily) 

II/A 


MEANS OF VERIFICATION 	 IMPORTANT ASSUIJPTIONS 

Assumitlms le,ickle.4.g goal Isges.: 

A. Official health statistics, . IC Covernmenta have a sincere desire 

6. fO rroduction Yearbook. to Improve quality of life of their rural
 

c. Iligher average scale of living de poor.
 
measured by a sociological scale b. IC planners would allocate available
 

resources in a more optimal coat-effectlvg(e.g. Belcher). 
lfants and children. manner if they posessed an appropriate
d. Crowth curves or 


rc. LIO. resources, althouigh limited, are 

adequate to Initiate optimally planned 
long range programs. 

. Report of application of model. Asowploss 6, "loving pspespt 
a. There In a relationship between health 

h pmllcstloli. benefits & soclo-economic development 

projects which can he demntrated qatt
end quaeitatively.
thentirely 


b. Poth the couts1 effectiveness of each 
component of various mixes of preventive 4 
curative schiato abatement control pro
gran can be Identified. 
c. A methodology derived from b, above, 
would constitute a useful planning tool. 

Asswmpllons for echieviog oulputls: 
. Tnitalst Report A. Oats tram the Tanzanian project Include
 

record of Intensity of infection, coats of
 
b; Interbs Report control measures, infection reduction, and
 

are sufficiently comlprehensive to show a
 
cause effect relationship.
c. Final Report 


b. STS Model can be modified to sequentiel
 
coat-effectiveness curve.
 
c. Established patterns of behavior can be
 
altered If benefits of change are
 
perceived.
 

Assumptions to, proomlin Inpults: 

t/A 	 N/A 
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Socio-Economic Analysis of Environmental Health
 
Problems (New) - Reusources for the Future
 

Dr. Heady, Chairman of the Subcomittee composed of Drs. Adams,
 

Carter and D. Peterson reviewed this project proposed for a period of
 

18 months with an estimated cost of $128,000. The stated purposes
 

of the project are to 1) expand a Schistosomiasis Transmission
 

Simulation (STS) model into a methodology which would be useful to
 

national planners in determining socio-economic impact, in cost

benefit terms, of the presence of schistosomiasis in areas of water
 

resource development and 2) assist k in preparing, for each water 

.project, environmental impact statements acceptable under the National 

Environmental Policy Act.
 

AID considers this proposal as a response to the initiative
 

announced by the Secretary of Statc to the U.N. in September 1974 that
 

the U.S. would soon propose a concerted effort to control schistosomiasis.
 

Earlier (1972) a joint AID/WHO "Symposium on the Future of Schistosomiasis
 

Control" recommended that economic impact studies he made of this
 

problem.
 

Very little attention has been given to the adverse e0fects of
 

schistosomiasis on human health,and its reflections in decreased human
 

productivity and increased medical costs. In projects such as this,
 

reduced productivity and increased health costs would become a part of
 

the total project costs over time, and the cost-benefit ration would
 

be modified accordingly. Alternatively the water system, at some cost,
 

might be modified to prevent schistosomiasis and thereby eliminate
 

these health and associated costs.
 



-39-


Basic assumptions of the model are that 1)" there are relationships
 

between health inputs and socio-economic development projects that can
 

be related quantitatively and 2) both. the costs and benefits of each
 

component of various mixes of preventative and curative schistosomiasis
 

abatement programs can be identified, and a cost-benefit model can be
 

derived as a useful planning tool. 
Dr. Heady pointed out that although
 

the model may be equally applicable in various countries, the equation
 

coefficients may vary with environments with the result that-the pro

posed Iranian application would be country specific and have little
 

relevance elsewhere. Drs. Heady and Carter both questioned the proposed_
 

Iranian project site beCtuse the intensity'of-infection ii light alid
 

rate of transmission is low, which essentially reduce their costs of
 

control. The level and manner of discounting, Dr. Heady noted, is
 

not apparent in the model. 
He asked if standard benefit/cost analysis
 

procedures used by AID and the World Bank would be appropriate.- The

investigator may have underestimated the time required to compleit
 

the'tasks and also overlooked some costs which are not implied in the
 

analysis.
 

Dr. Adams commented that the project is really concerned with
 

schistosomiasis control and focused on cost-benefits. 
He questioned
 

if this task could be accomplished because of difficulties in
 

quantifying infection levels. 
The proposal to do the field research
 

serially he thought would be a more costly procedure. He accepted.
 

the concept of the study, but suggested AID staff should rework the
 

approach and consider another contractor if necessary.
 

Dr. Weller also pointed out that in an aroa of lowincidence, such
 

as exists in the proposed study area, it is difficult to determine if
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a subject is infected. He said that urine egg density, because it
 

varies with time of day is questionable without additional infor

mation, and also raised several questions about the Iranian population
 

sample structure. He questioned the simplicity of the model and
 

validity of basic assumptions such as immunity.
 

The investigator's qualifications in the area of cost-benefit
 

analysis is.not documented, and Dr. D. Peterson expressed concern
 

also if the task could be done. He said the project is open-ended
 

and asked where boundaries would be drawn.
 

Dr. Swanson asked how such cost-benefit analysis fit into LDC
 

decision functions.
 

Speak'ing for the project Dr. Lee Howard, TA/H, said these
 

comments had been helpful and expressed appreciation for the
 

committee's effort. He acknowledged that a number of things need
 

to ie done on this complex problem, and stated that the Office of
 

Health faces this issue immediately. AID, through it's Regional
 

Bureaus, and the World Bank are both making large loans for water
 

projects and Health is being asked for evaluation of their benefits.
 

He said TA/H wants to develop a framework in or:er to look as these
 

problems and is pushing for an appropriate model even though the
 

parameters may change. This study is proposed to utilize existing
 

data which is what they would like to do operationally. Dr. Howard
 

announced that the proposer now plans to use Ghana and Tanzania data
 

instead of Iranian data. Although the cost-benefit phase needs to
 

e-strengthened by country, the intent is to develop a general rather
 

than country-specific model. He agreed the proposal lacked certain 

fine definition and asked RAC assistance in working toward a model.
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Dr.'Heady said the sub-committee is sympathetic to the need for
 

this work and noted that Dr. Howard's statements essentially propose
 

a new proj'ect which de-emphasizes the cost-benefit aspect. Dr. Howard
 

said the organization and data base are changed, but not the purpose
 

or principle. Cost-benefit for individual countries is not an
 

objective. Dr. D. Peterson noted that, in this context, the only cost
 

is the number of persons infected and expressed favor to evaluating
 

the first part of the model but excluding the cost-benefit phase. Dr.
 

Howard indicated that the WHO project data for Ghana has information
 

on land use and benefits due to the project, and said an attempt-should
 

be made to utilize it as proposed.
 

Dr. Adams asked if the investigator is now working on the Ghana
 

data and if this could be funded through some media such as small
 

research. Dr. Howard said her visit to Geneva for this purpose was
 

a siie-trip and not AID funded. Dr. Weller also asked if AID pro

vision could be arranged for her to do this. Dr. Heady suggested
 

AID should utilize the available data to formulate the greater
 

problem solution. Dr. Long indicated it should be possible to fund
 

the investigator's work in Geneva if she could go there. A for

matLve recommendation by RAC would move such activity fcrward more
 

definitely. Ms. Belcher indicated this travel and activity would
 

have to be done through a project vehicle. Dr. Montgomery summarized
 

the general agreement on doing the research and suggested RAC take
 

action.
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That AID (a) provide limfied funds for Dr. Rosenfield to
Motion: 


continue her schistosomiasis transmission simulation model
 

applications to data available through WHO in Geneva, and
 

(b) request Resources for the Future to develop a more
 

comprehensive project proposal including complete cost

benefit analyses of schistosomiasis transmission simulation
 

models.
 

Moved by Dr. Heady and seconded by Dr. D. Peterson
 

Vote: Unanimous approval
 



SOCIO-ECONOMIC ANALYSIS OF
 

IMPACT OF WATER PROJECTS ON SCHISTOSOMIASIS
 

A. Significance of Problem and Rationale of Research
 

1. Significance of Problem
 

The importance of schistosomiasis as *adeterrent 
to social and economic
 

While
 
in many developing countries has been postulated 

for many years. 

progsress 


the disease has been known for centuries; calcified parasitic ova having been 

B.C. circa, it has become of increasing
found in two Egyptian mummies 1250-1000 

concern during the last two decades as water resources 
development projects have
 

proliferated and spread Zhe snail vector into new areas. Although 
no precise
 

are available, the disease undoubtedly is a costly burden contributing 
to
 

data 


inefficiency and waste in the use of natural resources, 
to needless consumption
 

to limiting the productivity of those affected.
 of food energy, and 


infected
 
A quarter of a century ago an estimated 200 million 

persons were 


(stoll. 1947). but as the world population doubled between 
1935 and 1970. and
 

with 50% of the population in many areas being under 15 (the age group most
 

prone to schistosome infection), the population 
now infected may be in the
 

There is little sign that the number is being reduced.
 region of 300 million. 


In fact, evidence shows that the building of dams and the irrigation schemes
 

that follow cause an increase in prevalence and intensity 
of infection and
 

It is estimated that the disease
 spread it to previously uninfected a'reas. 


is endemic in 70 countries or island territories which in 1972 had an estimated
 

population of 1600 million.
 

AID for several years has recognized schistosomiasis as 
a disease
 

of growing importance, and has noted the close association 
between increased
 

transmission, development of new water projects (particularly 
irrigation systems
 



and water impoundments), 
low levels of sanitation, malnutrition and illiteracy.
 

The Near East Bureau is considering the schistosomiasis risk of an irrigation
 

sclieme being planned for Morocco and is anticipating requests for assistance
 

from Egypt and a number of other countries. 
The Africa Bureau has recruited
 

technical consultants for Swaziland and is considering incorporation of
 
plans for control in new development projecta such as Volta and SeneRal River
 

Basin projects. The International Bank for Reconstruction and Development now
 

routinely requires the incorporation of plans for schistosomiasis control in
 
new water management schemes which it supports when they are situated in an area
 
where schistosomiasis is 
a threat. The Rockefeller Foundation is supporting
 

an extensive control project in St. Lucia, West Indies. The Edna McConnell Clark
 
Foundation providos support for the testing of anti-schistosomal drugs. The
 

World Health Organization is engaged in a number of abatement programs. All
 

such prog:ams require a heavy expenditure of funds--expenditures which might
 

be reduced if program managers had an acceptable methodology to calculate the
 
cost-effectiveness of each of the various experimental interventions available.
 

In the past, project evaluations and feasibility studies of water resource
 
projects have concentrated on the direct economic costs and benefits of the pro
posed project, i.e., costs of construction and operation, plus benefits from
 
increased employment and agricultural production. 
Virtually no consideration has
 
been given to possible adverse environmental impacts occasioned by the project such
 
as 
increased disease transmission which results in decreased human productivity
 

and increased medical care costs. Examples of these studies are the guidelines for
 
analyzing the costs and benefits of water resource development projects issued
 
by UNIDO (1972) and Little and Mirrlees (1968). These along with more detailed
 

works by Maass (1962) and Eckstein (1958), concentrated on the economic problems
 



involved: choice of appropriate discount rates, time horizons, direct and
 

indirect monetary costs and benefits, allocation of joint costs and benefits,
 

and other aspects of public investment criteria. Indirect costs due to adverse
 

environmental health effects were not included nor were the benefits of prevent

ing adverse effects through alternative project designs or protective measures.
 

On the other hand. the economic effects of schistosomiasis have been
 

studied by Wright (1972), Farooq (1964). Fenwick (1972), Weisbrod (1973)-and
 

Jobin (1972), et. al. Wright and Farooq estimated costs of the disease on a
 

natural bat'is, considering in each case the total costs of medical care,
 

unemployment, and decrease in labor productivity. The others have each taken
 

a specific project area to estimate the costs and benefits of control programs
 

on the economic effects of the disease. Only Jobin has attempted to develop
 

a more generalized methodology for cost-benefit analysis of control measures
 

based on a model that simulates transmission of the disease in populations and
 

snails. Despite these works and others concerning health resources planning
 

and health economics there are few. if any, analyses of environmental health
 

itpacts resulting from development projects wherein the environmental health
 

impacts-have been quantitatively included in the original analysis of the project,
 

The increased spread of schistosomiasis is a common example of an adverse
 

environmental impact resulting from water resource projects. Schistosomiasis
 

is a disease intimately associated with the introduction or augmentation of
 

water availability in places as diverse as Brazil, Tanzania. Iran. Philippines
 

and tue People's Republic of China. Numerous water resource development schemes
 

located in endemic schistosomiasis areas have been financially assisted by AID.
 

The disease thrives at low levels of development in the presence of inadequate
 

domestic water supplies, inadequate waste disposal facilities, lack of formal
 



edCAMtion, and malnutrition. The dual 1tsociation of water and poverty makes 

achistootmiasis representative of 	 the varied environmental health impacts 

from development projects.
 

2. 	Rationale of Research
 

To analyze the environmental health impacts of development projects
 

and 	to determine the costs and effectiveness of preveuting these impacts in
 

developing countries, it is necessary to (1) predict the environmental health
 

impact (resulting number of cases of schistosomiasis), and (2 estimate costs 

and 	 effectiveness of measures which prevent the impact.
 

This project attempts to accomplish these tasks by using schisto

somissis as an example of an environmental health impAct resulting from water 

resources projects. 
 In addition to predicting prevalence changes over time 

as a result of the project, methods of schistosomiasis control will be considered 

to determine which control method or combination of controls will be most cost

effective in the given situation. The aim is a methodology regarded by AID
 

and other donor agencies, such as the International Bank for Reconstruction
 

and Development (IBRD). as a useful management tool for assessing the effective

ness and costs of preventing a potentially adverse environmental health impact
 

which may result from water resource development projects.
 

The research proposed here is viewed as progressive development of
 

models for management of schistosomiasis. 
AID supported the initial development
 

of the model with application in an irrigated area of Iran. (Rosenfield 1975.
 

Rosenfield. et. al.. 
1977). After successful verification of the methodology
 

in that environment, it is 
now 	proposed to test the methodology in a
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different situation with a different schistosome species. Over the past year.
 

the Roc ke IteI Ir Foundat iot has support ed the pr inc i pn I i tvest i Pat or to I tt 

this in St. Lucia. This study will be completed in Spring 1977. What is pro

posed here is to test the methodology id yet another epidemiological situation.
 

The aim is to have at hand eventually a series of models all related to the
 

general form initially established but with different coefficients related
 

to specific sites. This will enable development project planners to determine
 

how a particular project may be evaluated and health planners to determine which
 

combination of controls will be most cost-effective for the same particular
 

project.
 

In addition, the principal investigator presented the general form of
 

her model to the scrutiny of others interested in schistosomiasis models
 

(mathematicians. field biologists. epidemiologists, laboratory scientists).
 

at the Bellagio Conference on "Mathematical Models of Schistosomiasis"
 

sponsored by the Edna McConnell Clark Foundation. The comments on the model
 

are being taken into account in present work. As suggested re-estimation of
 

coefficients is what is being tested. A major recommendation of the Conference
 

was that modelers confront hard data in the field. This proposal is an attempt
 

to accept that challenge.
 

B. Research Objectives and Background
 

1. Overall Objectives
 

a. To expand a previously developed schistosomiasis transmission
 

simulation model into a methodology which will permit planners in schistoso

miasis infected countries to determine the magnitude of the impact of a
 

specific water resource development project on the spread of schistosomiasis
 

and to choose the most cost effective combination of control measures.
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b. To provide AID with a tested tool to use in the preparation of
 

4.tn it ol' t.t 1 .41 Ana vige' W r waIt r re soi e 'roiert . 111't, A w tic v't . las 1 nit I'll 

1eveloping the methodology will involve collecting and anslyzine three 

types of data: epidemiological (including snail habitats, frequency of human 

contact with snail habitats, prevalence, incidence, and intensity of infec

tion); monetary costs (project capital costs and disease.control costs); and 

effectiveness (man-years of infection estimated to be prevented) of the various 

control methods. 

The study will be based on the model previously developed by the
 

proposed investigator which predicts the level of the population infected as
 

a function of parameters of disease transmission, e.g., human ,accessibility
 

to snail hnbitat, extent of snail habitat, number of people infected. Through
 

the use of this model, previously tested with data from an irrigated area in
 

Iran. it is expected that it will be possible to demonstrate the applicability
 

of the model to predict the impact of another water resources development
 

project in a different geographic area on the spread of schistosomiasis. By
 

using and expanding the cost-effectiveness analysis associated with the
 

model, the costs and effectiveness of alternative control strategies
 

for preventing the increased transmission of the schistosomiasis may be
 

estimated. To a limited extent basic improvements in living conditions that
 

will further assist in controlling the disease. e.g.. improvements in domestic
 

water supply and waste disposal, and health education programs will be con

sidered in the economic analysis of preventing the spread of the disease. To
 

develop the methodology, the model will be applied to data from a schistosomiasis
 

control program in Tanzania. which are available and appropriate to study using
 

the model.
 



2. 	Background on Model Development
 

Prior to conceptualization of the model it was known that the two
 

fundamental processes of infection and de-infection of schistosomiasis may be
 

expressed as one simple rate process by the following equation.(Muench. 1959):
 

dY / 	dr = A(l-Y) -BY (1)
 

where Y is the fraction of the population infected with schistosomiasis,
 

A is the force of infection, B is the force of de-infection. Equation 1
 

states that the rate of change in schistosomiasis prevalence is a function
 

of the rate at which healthy people become infected and infected pe6ple
 

lose 	the infection. An important assumption in the equation is that as
 

infected individuals lose the infection, they join the pool of susceptible
 

individuals. In contrast to previous models (Hairston, 1965), immunity
 

to re-infection is not considered in this model. With S. haematobium
 

infections there is reason to think that changing exposure to snail
 

habitats (as would happen with a new water resource project) plays a more
 

significant role than immunity in the transmission cycle (Warren. 1973).
 

A solution for Equation 1 for the boundary conditions Y = 0 

at t = 0 has been given by Muench.(1959): 

-(A+B)t 
Y = A (l-e ) (2) 

A+B 

The model is based on three equations derived from the basic 

transmission Equations 1 and 2. These equations and their components are shown 

in Table 2 (page ). In the transmission model, the numerical values for the 

infection rate A, had been determined for several villages from 1964 through 

1973 from data collected by the Iranian Bilharziasis Control Project (BCP) staff 
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Estimates of the forces of infection and de-infection are used
 

in the simulation of changes in prevalence over time. The time unit for
 

the model is one year because that is the unit of time the BCP used for
 

their data collections. Simulation of prevalence is accomplished with
 

iterative use of the following equation:
 

Yt+1= i (- B +\ (4) 

where Yt is the fraction positive in the beginning of year t, B is the force
 

of de-infection. and Yt+1 is the fraction positive predicted for the end of
 

year t or beginning of year t+l. I is the fraction of uninfected people who
 

become positive at the end of one year. I can be expressed as a function of
 

A and B by solving Equation 2 for Yt when t = 1:
 

- (A+B) 

I =zY - Y A (W e ) (5)
A+ B 

The STS model simulates changes in levels of prevalence over time
 

A flow diagram which schematically represents use of the model is given in
 

Figure 1. With values of A. B. I. and Y a model run is accomplished by
 

solving for Y1 , Y2 . . . . . YT where T is the number of years in the planning
 

period, by successive application of Equation 4.
 

Data on prevalence (Yo) are required for the initial year of
 

operation. Data required for each year include meters of accessible snail
 

habitats (H) and total population. The data used in the model are corrected
 

to account for actual events that occurred during the year of analysis.
 

For this reason, only meters of accessible snail habitats not molluscicided
 

nor improved by engineering measures are included. A chemotherapy correction
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factor, (Q) the fraction of total number of infected people treated over total
 

number infected. is applied when appropriate.
 

Results of the twelve years of model runs for the Dez Pilot
 

Irripation Project. Iran from 1961-1973 are depicted in Figure 2. 
Prevalence
 

predictions for the 54 villages are combined on the graph to give overall
 

prevalence for the project 
area. 
Observed values of prevalence are based on
 

annual field surveys in the villages. Model predictions for the area compare
 

favorably with observed values, although it should be pointed out 
that pre

dictions for certain individual villages are less accurate than the combined
 

values plotted in Figure 2. Model 
predictions reproduced observed increases
 

in prevalence in the area during expansion of the irrigation system and
 

subsequent decreases in infection level following the initiation of control
 

measures.
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TABLE 1 - EQUATIONS AND NOTATIONS 

A " bp (1i " (regression) 

I A ( 
A4-B( 1- e 

- (A+B) ) (transformation) 

Yt+l I (1-Y) -Yt + Yt. (simulation). 

A 

S 

It 

P 

II 

b-

I 

B 

e 

Yt 

Yt +1 

= 

= 

= 

= 

= 

force of infection 

intercept of line of best fit in regression equation. 

accessible snail habitat (meters per village). 

people infected (number per village). 

regression computed exponent of H. 

regression computed exponent of P. 

incidence rate per village (fraction of people that becomes 

positive over one year). 

force of de-infection per village (natural loss rate). 

base of natural logarithms. 

fraction of population positive in year of analysis per 

village. 

fraction of population positive in following year per village. 
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FLOW DIAGRAM FOR OPERATION OF THE MODEL 
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Figure 2. 	Verification of Model. The predicted values 

are compared with observed values of prevalence for 

years of Dez Pilot Irrigation Project construction and 

operation, and Bilharzia Control Project controls. 
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3,. Proposed Modiliczatons and Work PLan-


Adctitiowrl 
 datw thwr are available, to. t:he contractor from -the WHO
 
Tanzania 001. project wil. 
permit modific.atia of the mdel to test the
 

reliat-ikity 
of nmdel pr d tiea, raaiTh The data are frm the Mistngui 

Ploject area on th'e samthweatern share mf Lake Victoria. The project area 
2covers- about I18 km and is inhabited by nore than. 70.00 people. Baseline
 

data in 196'7 indicated that 
there ims 6OZ prevaliewce by Scbisto ama
 

haenatorbium ,vd 10% prevalence of S. maasou.i. The pLroject 
 ran from. April
 

1967 to October 1975. These 
 data include seven years of age-specific egg 
count data (a m-easure of the intensity of infection).), observations on the 
dsrati'o and maout humanof contact with a variety of water sites (reservoirs.. 

canals, streams, at.d ponds), extent of snail habitat and seasonal variations
 

in habitat and water 
contact. These observations were made prior to. during. 

and following use of control measures so 
that the data represent baseline and
 

ex post transmission conditions.
 

One year is necessary and expected to be sufficient for completion
 

of the project, 
 The folloving factors support this conclusion. The data
 
are now available to the principal investigator but will require considerable
 

use of data processing techniques to put in an appropriate way for use in the
 
modeling exercises. Consultation with other modelers and WHO staff will also
 

be necessary in order to ensure that appropriate modifications are made .to
 
the model and transformition of the data are accurate. 
Past experiences of
 
working with data collected by others have led the principal investigator
 

to recognize the amount of time required to make sure that all uses of the
 

data are fair to the project and accurate in the description of events.
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a. .Objective I - Testing of Schistosomiasis transnission model with
 

dInta from Tanizan i
 

Major efforts during the first stage of the project involve refining
 

the model to use egg count data and to incorporate seasonal variation, human
 

water contact and migration data in the transmission equation. In addition,
 

the impact of the different water contact sites will be .examined. Computer
 

analyses will be made to accomplish this confirmation and consultation with
 

the staff of the Malaria and Other Parasitic Diseases Division. WHO, when
 

appropriate. In addition, consultations with an ecological modeler, such as
 

David Bradley. Director, Ross Institute of Tropical Hygiene, London School
 

of Hygiene and Tropical Medicine, will provide useful reactions as the confirma

tion work continues.
 

This stage is estimated to require a total of 20 man-months of
 

effort from the proposed investigator and assistant, computing time, travel
 

to WHO, office expenses and ecological modeling consultant - for a total cost
 

of $57,155. A preliminary report will be submitted at the end of this stage.
 

b. Objective 2 - Calculation of costs and effectiveness of different
 

combinations of control strategies to prevent or limit the spread of the
 

disease.
 

Activities under this objective will lead to an estimation of
 

the costs and effectiveness of alternative control strategies. Included
 

in the analyses will be consideration of possible alternative combinations
 

of control measures, such as the traditional ones of mollusciciding. chemo

therapy, and engineering and the less often used ones of improved water
 

supply, sanitation, and health education. The costs of different programs
 

will be estimated. Finally, different measures of effectiveness will be
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Eoamined otteh as tho reduction in the overall prevalence ol chistosc"miatis. 

the reduction in egg counts and the prevention of man-years of infection. 

The final output will present the rankings of alternative
 

control programs based on the results of the cost-effectiveness analyses.
 

It is expected that the total time required for this stage is 

4 man-months which will be spent analyzing different control possibilities 

and estimating the costs and effectiveness of the different strategies. 

This stage will begin after model confirmation. This objective will require 

4 man-months of effort on the part of the principal investigator and her 

amcistnnt. computer time. office supplies. etc. - for a total cost of $11,431 

A brief report will be submitted at the conclusion of this stage.
 

c. Objective 3 - Development of Integrated Methodology for Disease
 

Control.
 

The third and final stage of the study is to integrate the
 

epidemiological and economic aspects into a useable methodology. This
 

involves using the model to predict prevalence levels in the Tanzania site
 

and to evaluate the costs and effectiveness of controls as used in the
 

Tanzania site in relationship to those predicted levels of prevalence.
 

Verification of the approach will be made by comparing predicted and
 

observed prevalence values, and estimated and actual effects of control
 

measures. Sensitivity analyses of the results will be done by examining
 

how changes in the parameters used to predict incidence and in the measure
 

of effectiveness affect predictions of prevalence and control effectiveness.
 

The presentation of the results of testing the methodology
 

are expected to be in a form compatible and comparable with development
 

project analyses completed by AID, IBRD, and other donor agencies.
 



It is expected that this stage will require 3 man-months for
 

completion. At the end of the second month of the study. a final report
 

will be stubmitted to AID. Inputs for this stage include time of the
 

principal investigator and her assistant (3 man-months), a computer modeler,
 

office supplies, computer time, etc.. all valued at $8.573. The final report
 

will be available to AID at the conclusion of this stage, at approximately
 

12 months after initiation.
 

2. 	Project Budget - see Attachment I.
 

C. 	Technical Review
 

An earlier proposal to apply the model to additional data to be developed
 

in Iran was presented in early 1976. Technical and RAC review confirmed the
 

desirability of testing and modifying the model and developing the methodology
 

There were, however, reservations concerning the proposal to attempt cost

benefit analysis, the use of Iranian data and the high cost of the project.
 

The consensus was that limited funds be provided to apply the schistosomiasis
 

transmission simulation model to data available through WHO.
 

In addition some questions were raised regarding specific aspects of the
 

proposal. These questions have been taken into account in the project as
 

presented here. It is worth noting that the goals of the project have been
 

redefined to accomplish the specific tasks at hand - (1) the testing of the
 

schistosomiasis transmission model under different ecological and epidemio

logical conditions, (2) the refinement of methods for analyzing costs and
 

effectiveness of control measures, and (3) the presentation of the methods
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in an integrated way vo rhat the mlthodologY will b ,evtral I sNabl,, by All)
 

and possibly other donorv. Achievement (if the goals will be measured 
 by: 

1. Verification of the model with data from Tanzania.
 

2. Establishment of cost effectiveness rankings of control measures
 

used in Tanzania.
 

3. Integration of the two parts of the project into a framework that
 

is appropriate for use in water resources project analyses.
 

D. Plan to Facilitate Utilization of Research Results
 

As stated before, numerous organizations are concerned over the spread
 

of schistosomiasis. 
The World Bank, WHO, PAHO, UNEP and others are united
 

on the desirability of identifying effective control measures, 
All are
 

eager to obtain a method of developing economically sound and environmentally
 

sensible development strategies, and to identify those which are most cost
 

effective.
 

The results of this study will be disseminated through those agencies
 

and by the scientific and medical press. Within AID, the work should affect
 

projects handled by TA/AGR, TA/H. TA/RD, SER/ENGR and each of the Regional
 

Bureaus.
 

E. Management Considerations
 

1. This is expected to be a sole source procurement based upon the role of
 

the proposed principal investigator in the development and other testing of the
 

transmission model and her employment by Resources for the Future, Inc., 
(RFF).
 

2. The proposed contractor. Resources for the Future, Inc., 
is a non

profit organization partially funded by the Ford Foundation. 
it is capable of
 

vroviding both administrative and technical supervision plus clerical.
 

accounting, library. etc.. as required.
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Administrative supervision will be provided by Dr. Emery Castle,
 

Vice-president. RFF. and bv Dr. Lincoln Gordon. former Ambassador to
 

Bratzil. Assistant Secretary of State and President of Johns Hopkins
 

University. Technical supervision will come through Dr. Clifford Russell.
 

well known economist and environmentalist with expertise in modeling for
 

environmental quality. Additional technical support in the various
 

aspects of the disease and in ecologic modeling will be provided through
 

consultation with appropriate experts. The contractor will provide
 

office space, secretarial assistance, computer facilities and overall
 

guidance. In addition, the Schistosomiasis Unit of WHO has offered
 

their services as reviewers of the research at all stages.
 

3. The method for project evaluation will be developed jointly by
 

the Azency's Project Manager and external expert advisors.
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ATTACHMENT I
 

Estimated Life of Project Costs and Budget
 

Man-Months 


1. 	Salaries
 

Principal Investigator 
 12 

(full-time)
 

Research Assistant 
 12 

(full-time)
 

2. 	Fringe Benefits @ 20% of #1 


3. 	Overhead
 
Salaries + benefits $38,400

@ 40% 


*4. 	Consultants 

3 


*5. Travel (3 RT to WHO) 


*6. Allowances ($50 per diem/60 days) 


7. 	Other Direct Costs (none)
 

8. 
Computing time (includinR programing

assistance, keypuncher, storage and

on-line time.) 


9. 
Supplies (postage, telephone, xerox) 


10. 	 Report preparation 


11. 	 Printing and reproducing 


TOTAL 

27 


*May 	be negotiated
 

12-Month Contract
 
Per Estimated Cost
 

$22,000
 

10.000
 

6.400
 

15,360
 

9,000
 

2,400
 

3,000
 

5.000
 

1,000
 

1,000
 

2,000
 

$77,160
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