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. SOCTO-ECONOMIC ANALYSIS OF IMPACT OF WATER PROJECT
0N SCHISTOSOMIASTS: PRELIMINARY REPORT TO AID FOR
PROJECT NO. 931-1133
by

Patricia L. Rosenfield
Principal Investigator

and

‘Phyllis Gestrin

Introduction

' The purpose of this report is to describe progress made towards
}yédmpletion of the objectives of the AID-supported study. Socio-economic
Analysis of Impact of Water Proje:ts on Schistosomiasis. A brief report
of consultations with researchers at WHO and the Ross Institute and a

- preliminary version of a protocol for data presentation in future schis-
tosomiasis control projects are appended.

The objective of this stage of the project is to refine a previously
developed schistosomiasis transmission model (1 ') by use of data from the
WHO/Tanzania Schistosomiasis Pilot Control Project, Mwanza District
(Misungwi), Tanzania (hereafter called Tanzania 001). The following modi-
fications to the model to meet Objective I (2 ) were considered: revising
the incidence rate equation to include egg counts; revising the incidence
rate equaticn to include human water contact or an alternative measure of
accessible snail habitats; incorporating a random component in the model

to account for population movement; incorporating terms in modal to



account for the distribution of worms in the human population; and
incorporating age and sex differences in the model. The relative
importance of these different terms in estimating incidence rates
and then predicting prevalence or egg count levels in the project
population are also examined.1 Later reports will describe: a) the
results of cost-effectiveness analyses of control measures (Objective
II); and b) the results of integrating Objectives I and II into a
practical, tested methodology for predicting the impact of water re-
sources development on schistosomiasis transmission (Objective III).
This report is organized as follows: 1) discussion of the trans-
mission model and previous work with it; 2) description of the Tanzania
001 project; 3) discussion of the data processing techniques used for
our computer analyses; 4) preliminary results of modifying the transmis-
sion model with different variables by use of the Tanzania 001 project
data; and 5) four appendices which mainly cover Tanzania 001 data pre-

sentation in general.

Schistosomiasis Transmission Model Development

The aim of the modeling efforts described here is to provide deci-
sion-makers with a methodology for predicting the impact of envirommental

changes on the level of schistosomiasis in the project population. With

1Incidence is the rate at which uninfected persons become infected
over a given period of time. Prevalence is the number or fraction of
infected persons in a population at any point in time. Egg counts are
thought to be a measure of severity of the infection and are often called
intensity of infection. Reversion is the rate of infected persons spon-
taneously (not due to treatment) becoming negative over a given period of
time. We use the word "infection" to describe the fact that there are
positive cases of schistosomiasis in z population. The word "disease" is
reserved for use when clinical symptoms from the infection are observed



j‘i'v-jﬁv‘.t.a’:‘me't:h'c.adology' based on fﬁndamental séhiétosomiasié transmiésion variablés,
control or preventive measures may be examined for their effectiveness in
minimizing the adverse human health impacts of the ahticipated environmen-
tal changes.

Environmental changes pertinent to schistosomiasis transmission re-
'sult from the channeling of water in irrigation projects for food pro-
duétion or the impounding of water in reservoirs behind dams for power
production or water storage. These changes may be large or small scale.
The resutlt of such changes is to make the area more desirable for human
settlement thus attracting migrants who frequently bring schistosomiasis
and its snail host with them. In addition, the increased amount of water
in an area provides increased habitats for the snail intermediate hosts
of schistosomes. Without adequate social services such as water supplies
and sanitation facilities for the human settlements, inhabitants have no
choice but teo use snail-infesfed waters for a variety of domestic and
economic uses. Thus, environmental changes frequently required for devel~
opment purposes. may result in lowering the quality of life for persons
in the project area.

In many instances, the environmental changes occur where schistoso-
miasis is a long-standing endemic problem. The project then results in
such rapid egg count increases or prevalence levels so as to create a
serious disease problem. Many water development projects, however, are
being built in areas where schistosomiasis has been unknown (for example
in arid regions); resulting schistosomiasis transwission may then reach

~ epidemic conditions. In either case, the project population suffers as



a result of good intentions. It is hoped that the predictive methodology
described here can be used by project planners in aiieviating or, more
importantly, in preventing the adverse health consequences of large-scale
water projects.

Before describing the methodology, it should be mentioned that
adverse impacts are no longer made unwittingly. The relationship between
schistosomiasis transmission and water resourceSprojects has been referred
to often (3). With increasing demands for food and power in the develop-
ing world, it is now imperative that this long-recognized relationship be

considered in water resource project design, construction, and operation.2

Modeling Objectives and Assumptions

The type and degree of sophistication of the methodology used are
directly related to specific objectives. In this case, the main objec-
tive 1s to develop a predictive methodology to assist with development
project planning and control program management. The objective is not
to quantify all of the relationships in the schistosome life cycle but
rather to use the minimum number of fundamental elements needed to pre-
dict changes in schistosomiasis transmission over time. These fundamen-
tal elements, infected persons and snail habitats, are directly affected
by development projects and control measures. By relating the elements
in a preﬂictive model, one can estimate changes in incidence rates and

prevalence in the project populations produced by the project. The

2This topic will be expanded in the final report with a discussion
of donor agency activities to reduce the adverse environmental health
impacts of water resources projects.
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j;édéﬁs of the modéling éffdrﬁ’described‘hére is on the.human populaﬁion,
éiﬁée "evaluation ofvthe efficiency of the control programs must be

made in terms of its impact on human schistosome infection" (4). Snails,
of course, play a critical role in transmitting infection, but it is tﬁe
reduction of human suffering which concerns health and development plan?
ners.

The desire to keep the variables in the model to a minimum may become
more understandable when one considers in detail the variety of measures
of human infection and snail populations. Human infection encompasses
variables such as egg counts, prevalence, incidence, rev:rsion, and immu-
nity. Snail population information covers infected snails, population
density measures, habitat characteristics, and climatic variation.

Many medical researchers believe that human infection should be
expressed inunits of eggs passed. Egg output, however, ''should be deter-
mined by a constant, reliable, and quantitative technique which must not
‘vary from year to year" (5). This is often not the case and even more
importantly, the reasons for variance in eggs passed from a given individ-
ual from year to year are not yet understood. The variance leads to com~
plications in the statistical handling of egg counts, requiring transfor-
mation of the values to either the arithmetic mean or geometric mean for
each age group. Yet, egg counts are a measure of intensity of infection
and thus can assist in estimates of severity of infection and changes in
transmission intensity. For these reasons, egg counts must be considered
in the modeling attempt, if only to show whether or not estimates of con~-
trol measure effectiveness vary when one uses egg counts or prevalence

levels.



The second measure of human infection is prevalence. Prevalence
levels, the proportion of fhe population or age group infected, are
thought to be insensitive to short-term changes as a result of control
programs but do reflect changes over the long-term. Prevalence is,
however, the easiest variable to measure. Moreover, its denominator
is the population size (or sample of same); therefore, it is a temm
comprehensible to planners and compatible with project analyses.
Prevalence provides a useful, simple term for demonstrating project-
induced changes.

Incidence, the rate at which uninfected persons become infected,
provides a time dimension to transmission. Although difficult to
observe without a carefully controlled study, incidence rates, like
egg counts, provide a sensitive measure of changes in transmission.

In addition, in the model we are interested in predicting changes
of infection levels over time. Incidence rates reflect changes in
transmission over time.

Two aspects of human loss of infection (besides losses exogenously
induced by chemotherapy) need also to be considered. There is a spon~
taneous loss of infection resulting from natural death of the worm in

the human body. S. haematobium is thought to have an exceedingly short

1life span, under three years, and light human infection with no re-

exposure could die out without any treatment. S. mansoni and S. japonicum

live longer in man; in extreme cases, S. mansoni worms have been found
in infected immigrants in New York City and California 20 years after
their arrival (6). Any modeling attempt should account for the worm

death rate.



"VThél82cond loss over time is due to immunity. The process of

ﬁ fﬁimmunity to new schistosome infections is still not understood. It

" was thought to occur because observations of the age prevalence curves

' for schistosomiasis infections, especially S. haematobium, repeatedly

show a decline after ages 15 through 25. The reasons for this decline
have been the subject of debate (7). It is also generally agreed that
natural immunity to schistosomiasis does not exist; however, immunity
acquired from continual re-infection or high levels of infection is
thought to be a significant possibility. Acquired immunity has not

yet been identified in the field, for one must separate it from changes
in water contact patterns, seasonal changes in egg output patterns, and
other variables which might account for changes in the shape of the age~
prevalence or age-egg output curves (8).

The snail as the intermediate host in schistosomiasis transmission
has often been thought of as the weak link in the life~cycle and highly
susceptible to control measures (9). The validity of this viewpoint is
in doubt given the iack of success in controlling snail populations in
any but the most limited environment. So many factors influence snail
populations that a separate model is needed to account for the snail's
' role in transmission. Yet collecting information on food, 1ight, density,
and other other requirements is time consuming, and may not be feasible
as part of the planning of large scale water projects. It may be suf~
ficient to know which bodies of water are likely to harbor snails, which
schistosome-bearing species of snails are in the area, and what role
seasonal variation may play. In most areas, only a small proportion of

snalls are ever infected (10). One may be able to assume that any habitat



with the appropriate snail species which is used by humans is a likely
transmission site. The knowledge of habitat dimensions and human water
contact patterns may providé the requisite amount of information needed
for predictive modeling. This assumption was the basis of earlier work
and is examined here in the section on model modifications.

The assumptions about which data to use are therefore the following:
1) egg counts would be most desirable but if not available, prevalence
levels are sufficient as surrogate measures of human infection; 2) inci-
dence rate 1s critical since it is assumed to be a sensitive measure
of transmission changes; 3) immunity, not yet a proven factor in trans~
mission, could be indirectly reflected through egg count or prevalence
changes; 4) reversion rates have been calculated from the egg count data
and are assumed to be age~specific; and 5) snail habitats that are trans-
mission sites or estimates of human water contact frequency are satis~
factory surrogates for infected snail population data.

Implicit throughout the above discussion is the desire to maintain
simplicity in the model and its data requirements. Many diseases can
be appropriately modeled by the simple catalytic expression developed
by Muench (11).

The expression that we chose to use straightforwardly defines the
rate in change in prevalence levels (y) over time (t) as a function of
uninfected persons become {nfected at some rate (A) and infected persons

losing the infection at rome rate (B):

%% = A(l-y) - B(y) l:lj



_This equation may be solved to give the following difference equation

Lm (v A )e-<A+B) A 2]
, F‘f"At':‘ t 2+8B. ) - “t .; A+B ‘ '

;[arﬂis}eqﬁatign is Qéed to predict changes'in levels of infection from
;szne ﬁime'period (t).to the next (t + At).
As mentioned above, it is assumed that the incidence rate (A) is
a function of infected persons or egg output, and snail habitats or
human water conﬁact. Incidence rates may be estimated by use of regres-~
sion analyses if field observations are available.3 Regression analysis
”v results indicate the relative importance of the independent variables
.l'iﬁ estimating the variance in incidence. Although the relative impor-
ﬁénce of the independent variables in predicting incidence rates may
change when applied to a new site, the same independent variables may
still be appropriate. In addition, the form of the equation relating
them may remain constant. To test the hypothesis of generality of
the variables and equation form, the results from this study were
compared with two previous analyses. These earlier studies indicated
that the most significant form of the equation was the non-linear
product of an environmental/behavioral term (H) times an epidemiologi-

cal term (P):
- B 8
A=By ("1 x P 1) [3]

;f;ﬁﬁéfe3ﬁ was the incidence rate, t the time units, and BO’ 81, B, estimated

3Incidence rate studies are carried out as follows: A group of a
. ..particular sge or range of ages is determined to be definitely negative
by repeated urine or feces examination. This group, with no replacement
for drop-outs, is followed over time to determine who becomes positive
after, for example, one year. The same group minus the positive is fol-
lowed and examined the next year. The study may continue as long as the
 sample size is sufficiently large, The incidence rate 1s measured by
dividing the new positives in the next year by the total number of nega-
tives the year before.
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by the regression analyses. In the original study in Ifan, H was
measured as meters of accessibie snail habitat per village per year and
P was the number of infected persons per village per year. In the
next study in St. Lucia, H was the human water contact parameter per
age group (a measure of frequency and duration of human water contact -
with snail habitat) and P was the number of infected persons per age
group.

The expression for the loss rate B has been assumed to be related
to the natural death rate of the worm, physiological characteristics of
the human host and immunity. Two studies have attempted to observe loss
rates in the field (B).4 These results compare favorably with mathemati-
cal estimates (obtained by solving equation [}i] for B). A general esti-
mate of B = 0.2 was used in Iran and age-specific estimates of B = .3
for 0 to 9-year-olds and B = .2 for older ages were used in St. Lucia.
Sensitivity analyses show this term to be highly important in prevalence
predictions. Site-specific field studies would assist in improving its
usefulness and reliability for modeling.

The results of using the model in Iran and St. Lucia are given in
Figure 1. The estimates in Iran were made on a village basis; the

estimates in St. Lucia on an age-specific basis.

4The loss rate or reversion rate is measured in the field in a mannex
similar to incidence studies. A group of positives is followed over time,
usually one vear, to determine the number who lose the infection. The
positive group must not be treated so that the loss may be attributed to
natural conditions.



B  Schistosomiasis in Tanzania

Schistosomiasis has been studied in Tanzania since the 1950's with
the East African Medical Research Institute, Mwanza acting as the focal
point for the research (see Figure 2). Researchers at the institute
have measured prevalence levels of the two species in Tanzania, S. hae-

matobium and S. mansoni. They have also instituted control activities,

the 2ost extensive one being the project under discussiqn (14). 1In
addition, there has been a number of programs studying transmission
specifically in large-scale irrigated areas, with the Arusha Chini
scheme in the North as the focus for control, economic, and epidemio-
logical studies (15).

S. haematobium is found throughout Tanzania, with prevalence levels

as high as 80 percent common to the north and northeast of Lake Victoria
(16). Although - S. mansoni is less generally widespread in Tanzania,
prevalence levels may be as high as 50 percent around Lake Victoria (17).
A variety of snail hosts are found in the country. Ideal habitats occur
in Lake Victoria, irrigation systems, small ponds, dams, and permanent
and seasonal water courses (18).

The public health importance of schistopomiasis infections in Tanzania
has been summarized by Jordan in 1966 (19). He described several studies
which showed a variety of severe clinical zffects from the infection,

especially in children. Widespread urological changes for S. haemotobium

- were identified. S, mansoni infection at that time appeared to be less

severe in Tanzania than in other parts of the world.

In the 1970's, Tanzanian developmert has been influenced by President

- Julius Nyerere's villagization program, especially by the establishment of
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Ujamaa villages which stresses cooperative activity-(20). The movement
and settlement of large numbers of persons is bound to have a dramatic
impact on schistosomiasis transmission, especially since the expected
improvements in sanitary conditions (by the provision of water supplies,
latrines, and health education)have not yet taken place (21). Moreover,
small-scale irrigation projects continue to play a role in providing
water for crop production. Schistosomiasis prevalence may be spreading
as a result of too-limited control activities and environmental changes

brought about by new living patterns.

Schistosomiasis in Misungwi, Tanzania

The data for this study comes from the World Health Organization/
Tanzania Schistosomiasis Pilot Control and Training Project, Mwanza
District, Tanzania, run by the East African Medical Research Institute
under the direction of D. V. M. Eyakuze, National Project Director, and
Dr. Fergus McCullough, WHO Project Leader. The project began in April
1967 and ended in December 1973. Two contrasting areas were chosen for
the project site, an urban situation at Mwanza and a rural area around
Misungwl (Figure 3). The aim of the project was "to determine the
feasibility of schistosomiasis control within present resources, and to
evolve methods which may be applicable, with suitable modifications,
to other parts of East Africa" (22). In Misungwi, the rural area,

S. haematobium infections predominated, "with an average prevalence

of over 60 percent" (23). The major snail host was B.(P) nasutus which

was found in "small man-made water bodies" (24). In Mwanza, the urban

area, S. mansoni was the main species of the parasite, with prevalence

)

-



Ne

:1evéls reaching 30 percent (25). The intermediate hosts, various Bio-

‘ ﬁphalaria snail species, were found "in streams, lakeshore waterbedies

and Lake Victoria itself" (26).

The Misungwi situation, like much of this part of Tanzania, repre-
sents a "complex transmission pattern" (27) where in a relatively uni-
form environment, "the infection, in both the definitive and intermedi-
ate hosts, is characteristically widespread and relatively non-focal"
(28). The pilot area was to the northwest of Misungwi Town covering an
area of 76 km2 and a population of 4000 (see Figure4 ). Although

S. haematobium was the major species present, pockets of S. mansoni

infections did occur with prevalence levels of 10 percent.

The Misungwi area was chosen as the focus for this study because
the data were complete, long term, and also were recorded on punch
cards so that a computer tape could be easily made. The area was
divided into five sectors sc' that different control measures could be
tested in different sectors, thus providing a basis for comparison of
control measure effectiveness. In May 1976, Dr. Rosenfield with assist-
ancé from the pertinent staff at WHO was able to make such a tape. In
addition, she had generous access to all the project reports and other
unpublished material. In May 1978, a second visit to WHO enabled
Drs. Rosenfieid and Gestrin tn complete the necessary data collection
and to confer with Dr. McCullough about the progress of the study to

date. Consultations with Dr. McCullough, Dr. Bradley in London, and

lbthers are described in Appendix IV.

The work plan and results of the Project in Misungwi were stated

- as follows in the Tanzania 001 Final Report:



At Misungwi the work was planned in three intercon-
necting phases: pre-control, control and assessment.
During the baseline phase detailed information was
obtained on population, prevalence, snail hosts and
their habitats. The pilot area was divided into
five sectors. In Sectors I to IV, those habitats
which were found to be important transmission sites
were mollu~cicided with three applications of Bay-
luscide (1 p.p.m.) per year. In Sectors II and III
mass chemotherapy using niridazole, in addition to
the routine mollusciciding operations, was given.
Sector V was used for comparative purposes. The
pre-control phase, which began in July 1967, was
completed in April 1970; mollusciciding was started
in May 1970 and completed in June 1972; and mass
chemotherapy was given in July 1970. The results
were very encouraging, and indicated that S. hae-
matobium infection was substancially reduced by the
control measures undertaken at Misungwi (29).

The project data sources available to us included the following:
1) project quarterly and annual reports from 1967 to 1973; 2) published
reports on the project; 3) computerized data on the human population
and snail habitats; and 4) maps indicating habitat and household locaz
tions. The data themselves covered a wide range of variables.

For each individual the following data were obtained: study
number; sector number; household number; number living in household;
type of habitat used for bathing/washing or swimming; number examined
in household; individual number; sex, age; length of stay in area;
religion; previous treatment for schistosomiasis; education; 1968,
1970, 1972 urine examination results, such as pre- and post-treatment
egg output (eggs per 10 ml.); head of household; year of registration;
population movements (in and out of area or sector, or movement within

sector); year of movements; and treatment history.



Snail habitat information included the following: study number;

;vhabitat number; date of survey; type of habitat; character of habitat;
vegetation and vegetation clearance; measurements when full; frequency
);f water use; type df water use; snails found in habitat; number of
houses within 300 yards of habitat; transmission potential; area and
survey number.

Map data included information on the project area as a whole and
on the separate sectors, * For the project area, there were maps showing
the location of households and different types of habitats (dams,
ponds, bunded fields) without reference numbers, and maps of snall species
distribution. One map of Sector IV had households and habitats identi-
fied by number., Another sector map gave household numbers for Sector I
with habitats shown but not numbered. A third sector map gave habitat
numbers for Sectors II, III and IV and showed households without house-
hold numbers. In addition, there were more detailed maps for the Masawe
indicator area, a section set aside in Sector II for special studies
and as a statistical control area. The Mitando Chemotherapy area in

| Sector II was also mapped carefully. In both these special areas numbers
- were not given for household or habitats.

As may be seen from the ahove 1istihg, the data available were
extensive. The project determined that the age-sex structure for the
sectors were similar and overall compared favorably to that for rural
Tanzania (30). (See Figure 5.). Indeed, within the five sectors, trans-
mission conditions were fairly uniform (31). Household distributions
were similar, as were water contact patterns and socio-~economic condi-
tions. Studiecs indicated that age~specific
1* After writing this report, we learned that Dr. David Bradley had received

from Mwanza a more complete series of project maps. We have not yet
~r_khad the opportunity to examine those maps.
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prevalence and age-specific egg output were similar. The distribution
of snail habitat types varied, with some sectors having more dams.
Schistosome-bearing snail species, however, were fai.ly evenly distri-
buted among the sectors.

Although population mobility was high, much of the movement was

within a radius of 100 km. Thus, "S. haematobium infection at Misungwi

is very highly endemic and perhaps its most remarkable feature is its
homogenous, relatively non-focal distribution which stems from the
widespread distribution of the snail hosts. . . and evenly scattered

populace. . ." (32).
Control Operations (Will be discussed in next report.)

Data Processing

In reviewing the data for modeling purposes, a number of concerns
arose. It should be emphasized that modeling schistosomiasis transmis-
sion was not one of the objectives of Tanzania 00l1. Because of that,
we had to reorganize the data as given. In addition, we had questions
regarding computer coding of data. In Appendix I, we describe the
steps necessary for the data analysis and the problems encountered.

In Appendix II, we give the calculations we used for putting the data
into usable forms. As a result of our work with this project and
others, we have included in Appendix III a possible form for reporting
data which would facilitate projeci evaluation and transmission modeling
studies.

The most critical gap in the data is the difficulty in comparing
houses and habitats. Water use patterns are now accepted as crucial

indicators of transmission (33). It would be highly desirable to know
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ﬂf:ﬁhich ﬁousehold used which habitats or which habitats served which
héusehold. With the background material and data available to us,

it was possible to make some assumptions about these patterns for

. Sector IV (the only sectors where households and habitats were both
mapped and numbered). In the other sectors, more assumptions will
be necessary to make such connections. For this reason, Sector IV
served as the basis for the present study.(see Figure 6).

In Sector IV, we considered different assumptions about the dis-
tance walked by individuals to use the different water sites. The
Sector, approximately 13.4 square miles, contained 121 households,

660 persons, and 102 habitats divided into three sections: Ibilibishi,
Igokelo, and Nange. Information was not available on which persons
used which habitat for a given purpose, duration, or quantitative fre-
quency. Thus, we decided to use as the habitat variable one comparable
to that in the Iran study, feet of accessible snail habitats.

We considered two different assumptions of accessibility. The
first was that people did not move too far from the household for the
bulk of domestic activity and that they had access to all habitats
within a radius of one-eighth mile. The second was that movement
was really more extensive and that an outer limit of one~half mile
radius would be more accurate. In rural areas, people do walk great
distances to obtain water. In fact, in some parts of Sukumaland

~ people walk nine miles a day to water their cattle (34). However, in
this particular sector, almost every household was close to a number of

different habitats, and it is possible that most of the water contact
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took place close to home. In fact, the project staff did record
number of households within 300 yards of each habitat, an indication
that this assumption might be acceptaﬁle.

Another problem with using the data from the maps was that topo-
graphic information was not easily usable (only edges of valleys were
mapped without altitude contour lines). We assumed the area was one
of gently rolling hills and, except where noted on the maps, the hills

offered no obstacles to habitat accessibility.

Regression Analysis

In order to run the regression analysis for the model, it is neces=-
sary to have incidence rate values. In this study, incidence rates
were measured for each age from two through nine years over a 2-year
interval. For the initial regression analyses, we therefore used 2-
year incidepce rate values for the two through nine-year-olds. To use
the overall‘model for these ages, it was necessary to estimate a sepa-
rate population growth rate for this age group. Information given by
Ruyssenaars,et al, (35) indicated that the annual population growth
rate in Sector II for the two to nine-year-olds was three-fourths of a
percent. Working with the data from Sector IV, we also estimated an
annual population growth rate for the two to nine-year-olds of three-
fourths of a percent. We used this an an estimate for annual popula-
tion increases. In addition, we experimented with different groupings
of age-speéific data to see if groupings changed results. The groupings
we tried were 1) each age separately, 2) two through four and five

through nine-year-olds similar to standard demographic tables, and



f“_3)1two, three through four, five through eight, and nine~year-olds,
:ﬁ?fgrouping warranted by the prevalence and incidence data. |
| Ag has been discussed above, the purpose of the regression analyses
’is to estimate incidence rate values for use in the transmission equation
[;:]. Incidence rates have been assumed to be a function of the non-linear
finteraction of environmental (snail habitat), behavioral (water contact
and epidemiological (number positive, egg counts) terms. With the Tanzania
data, it has been possible to experiment with a number of different formula-
tions based on environmental and epidemiological assumptions. We could
only indirectly include the behavioral term because no separate quantitative
8tudy had been carried out on human water contact patterns. We separated
the data by age as described in Appendix I. The following age-specific
" combinations were examined:
Incidence rate as a function of:
l. Volume @in cubic feet) of accessible snail habitats at

the given distance (miles) from each household per age

group (Vi) times number of positive persons per age

group (R,)
2. Perimeter (in feet) of accessible snail habitats at the

given distance (miles) from each household per age gromnp

(PMi) times number of positive persons per age group

(2,
3. Vi times arithmetic mean egg counts per age group (Ei)
4; Pui tines arithmetic mean egg counts per age group (Ef)
'5. Vi times geometric mean egg counts per age group (GEf)

6. PMi times geometric mean egg counts per age group (GE,.)

[
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where i indicates age. Regressions one and two were run for one-half
mile habitat estimates. All were run for the one-eighth mile estimates.
The methods for calculating the different terms are given in Appendix IT
along with the decision criteria for accessible snail habitats.

The regression regults are given in Table 1, and the comparison
of predicted verses observed incidence graphed in Figure 7 for one-eighth
and one-half miles. As mentioned before, these are the results for ages
two through nine for 2-year incidence. The results indicate that the
equations using perimeter and number positive, and perimeter and arith-
metic mean egg counts are the most significant estimztes of incidence.
However, equations containing volume terms predict incidence almost as
well as those with perimeter terms. This is probably to be expected
since volume is a function of perimeter. More surprising is the absence
of a difference between one-~eighth and one-half mile results. This
indicates that people probably make frequent use of habitats over as
great a distance as one~half mile.

The choice of which equation to use » predict incidence in the
model (see equation[:i]) can be determined by how one wants to use the
model. Since for the moment we are not able to use egg counts in the
recursive model, we chose to use the number positive equation for
testing the model. To see if any differences (however unlikely) would
result from using volume and perimeter terms, we tried equations 1
and 2 in separate testings of the model (sce page 19).

To run the model, we need the following age-specific input informa-
tion: baseline population (1968); baseline prevalence; volume or peri-

meter of habitat; and the reversion rate. Since in this preliminary
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':7*vef§1§nyo% the mo&el the effects of control measures were ignored, the
.f‘§§lués for the habitat term remained constant over the years of analysis,
| Tﬁe size cf each age group was assumed ﬁo increase by three-fourths of a

pércent evéry year. Lafer analyses will include the effect of in-and out-
migration on the population size. The model was run at two~year intervals
since the incidence data were 2-year incidence values. The output for
~ the model may be thought of as the prevalence levels for each age group

at the end of the 2-year time interval. 1In the future, the data analysis
will be modified to reflect the movement of individuals to successively
older age groups.

The results of running the model are graphed in Figure 8 where the
predicted prevalence results are compared with the observed values.
Running the model with the one-eighth mile and one-half mile regression
equations and with volume and perimeter equations showed only slight
changes. We beilieve this means that further work is necessary to obtain
a better definition of the snail habitat term. It may be, however, that
the snail habitat term is fairly robust; that is, changes in its value
(as long as appropriately related to household) will not cause serious
changes in prevalence predictions. In reality, if this is the case,

then more effort will be given to modifying the epidemiological term.

Modifying the Epidemiology Term

The availability of the Tanzania 001 data enables the epidemiologim
cal term in the incidence rate prediction to be modified in a number of
important ways, We are in the process of exploring modifications and
shall report the results in a later paper. In this report, the modifi-

cations are discussed, The quel is now a deterministic one: that
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is, the effects of new infections introduced by migrants to the area
cannot be predicted by the model. The Tanzania 001 data include in~
formation on population movements; therefore, a random component can
be added to the model and tested with field data. In addition, the
egg count data are untransformed numbers of eggs passed per 10 ml.
of urine for each individual. This means that we are able to test a
variety of statistical transformations of egg counts for modeling
purposes.,

There has been some discussion in the literature (36) as to the
appropriate expression for the distribution of egg counts. Egg
counts are an indication of the paired worm load in an individual.

A person cannot pass eggs unless he has at least one male and one
female worm that are paired. Moreover, a person will not be counted
in a prevalence study unless he passes eggs, the usual indication of
infection. Serologic tests to demonstrate infection are not widely
used nor considered reliable. It would be helpful to have relation-
ships linking prevalence, egg counts, and worm load, These relation-
ships may bedescribedy making statistical assumptions as to their
distribution in a population. The critical variable, however, for
describing the distributions is the worm load in the human body, a
variable for which field data on humans are impossible to collect,

Data from animal studies and human autopsies have been used as the

starting point for estimating worm load distriburions in a living human

population. It is difficult to use these estimates in any serious

‘quantitative way.
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' ‘ikf'thdonald was the first to assume a statistical distribution of
 j§6rm pairs (37). He considered worm pairs to be distributed randomly
kuin é human population and chose the Poisson distribution to describe

f:eél‘situations. The Poisson distribution is expressed as follows:

P (i/m, =) = e—mmi/i! [3[]
where 1 1s the number of objects, m is the mean worm load, and » is the
limit which k, the clumping parameter, approaches. This distribution
has two requirements: 1) each case is independent from the next; and
2) the probability of success in finding a positive case is constant.
The population of worms, eggs, and infected persons need to be inde-
pendently, randomly distributed to fit the requirements for use of
the Poisson distribution.'

With animal and autopsy data measured after Macdonald's pioneering
work, it was observed that worms were distribgted in a clumped, not in-
dependently random, fashion. Together with the assumption that human
water contact does not tend toward randomness, it has been assumed that
the distribution of schistosomes is not random but aggregated or clumped
(383- The clumping affects the fraction of eggs expected to be passed
and therefore influences how one would model traﬁsmission processes,
The distribution chosen to describe this clumped status is the negatiye

binomial distribution:

- i
P(i/m,k) = (1 - o)¥ [g; = B : &);,k)] o 5]

where 1 is the number of objects, m is the mean worm load, ¢ is m/(m + k)

and k is the clumping parameter (39). The smaller the value of k, the



more clumped the worms are. As k decreases, the variance increases,
and the worm load in a population may be characterized by most people
having zero worms and é few people having very many worms, In the
case of a Poisson distribution, the clumping parameter, k, approaches

infinity (40).

The negative binomial may be appropriate to use when considering
an individual's egg production over time. The Poisson may be more use-
ful when looking at a populatibn as a whole and trying to estimate the
mean and variance as a function of the population's characteristics
(Kerry Smith, RFF, personal communication, 1978). We have attempted
with the Tanzania data to decide which distribution is more appropriate
to use in that situation and if it is possible to use other distributions
to relate egg counts to prevalence.

The use of egg counts requires changing the_model to preserve its
recursive nature. In the present version of the model, the number of
infected persons is a term in the equation predicting incidence rate[:il,
and incidence rate is used to predict prevalence for the next year[:i] .
The next cycle of the model is started by computing number cof infected
pergons from this prevalence prediction. To maintain the recursive nature
of the model and make use of egg counts, it may be possible to relate egg
counts and prevalence through human worm load. We described earlier the
theoretical aspects of using egg counts. Here we relate that discussion
to our study in Tanzania.

Bradley and May (41) have derived equations for these epidemiologi-

cal relationships that we are attempting to use in the model:
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:ﬁ;f;kvéfé‘(PQiSSOn distriBution,}ma;eféhaﬁfemélé worms'dis;;if 
'LLf;,;’r buted together.) ,‘ ‘ |

e -n/2_ 2 | '

Conesea-ShT [l

~if’k - 1’(approaching high overdispersion, male and female

- worms distributed together.)

@ =n/ [Q+m @em] o

‘Where ¥y is the fraction of worm pairs in the human population, m is the
mean worm load per.person, and k is the dispersion of clumping para~
meter.6 We have found at this stage that as k approaches 0, it 1s
difficult to solve the general equation and obtain meaningful results,
By substituting baseline Prevalence Y. into equation and solving
for m, we obtained nean worm loads for each age group in'Sectors.I
through IV, Then, for each sector we graphed m Qersus geometric mean
€ggs to see if there were a functional relationship between these two
variables (see Figure 9). We are still exploring what the appropriate
functional relationship might be by graphing m against arithmetic mean
€gg .count. When we establish that relationship, we believe it will be
poséibie to use egg counts to estimate incidence. By multiplying the

estimated egg counts by the number of positive persons in the age group,

6'I’he concern about how the sexes of worms are distributed has been
described in detail in May, and Bradley and May (42). Two extremes are
postulated. In one, sex is essentially random and each worm has equal
probability of being male or female. In this case, it is assumed that
snails are heavily infected, The other extreme is that female and male
worms are distributed each with a Separate expression to describe 1itg
distribution. A condition for this case is that snails are lightly
infected. It has been Pointed out that the differences between the ex~
tremes are "non-trivial." We believe that we have a situation warrant-
ing use of the first case since transmission is fairly intense,



we obtain a value for the total number of eggs passed in the age group.
The estimate of incidence can then be interpreted as a contamination/
exposure rate. This value can be used in the transmission equation[:Z]
as the infection coefficient multiplied by the number of uninfected
persons (1 ~ yt).- The new value of predicted prevalence can then be
used to estimate mean worm load. The process could continue as des~-
cribed. The reasons for such additional complications would be to use
egg count information while maintaining the recursive model. The

egg count function would change as a result of controls and this could
be easily reflected in the model.

Population movement or migration in and out of an area has been
the subject of extensive economic and geographical studies (43). In
epidemiological studies population movements have been shown to in-
fluence the spread of disease. Water resource deyelopment projects,
especially man-made lakes in Africa, exemplify this problem, In
Lake Volta, Ghana, low schistosomiasis prevalence levels were found
before the lake was created (44). The creation of the lake led to
the elimination of the downstream and delta fisheries. The.infected
fisherman moved to the lakeshore in large numbers (80,000) bringing
their skills and schistosomiasis with them. In addition, the flooded
lands created ideal snail habitats; snail populations rose rapidly.

As a result of the increased snail population and infected migrants,
schistosomiasis prevalence levels rose to 80 percent within five years
of the creation ci the lakes (45). The Gezira irrigation scheme in
the Sudan is yet another example of this phenomenon. As the desert

became arable with water channeled from the Nile, migrants from Egypt
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l ﬁoved to the area bringing schistosomés and snails with them, 1In 1925,
when the scheme was completed, there was no schistosomiasis in the area.
In three years, the population prevalence levels reached 30 percent (46).
Without attempting to understand the motives of schistosome~bearing
migrants, it is still important to try to account for their influence in
an area, that is, the introduction of infection to a previously unin~-
fected area, or the increase of infection in an infected area. The
average rate of movement of infected migrants into and from an area
could be used to weight the population size values in the model. How~
ever, since the process of movement of uninfected persons may be thought
of as random and taking place at discrete times, one may consider use of
~a Markov chain process (47). That is, there are four states of movement:
in-movement of infected persons (al), in~movement of uninfected persons
(aZ), out-movement of infected persons (a3), and out-movement of unin~

)

fected persons (aA). One may estimate transition probabilities (Pij
of moving from one state to another so that at any given time the popula-
tion consists of infected migrants, uninfected migrants, infected resi-

dents, uninfected residents. The probabilities are usually expressed

in a matrix (7):

2 P12 Fi3
i 8y P2 Pp3
S P2 F




where the sum of the elements of each row =1 (48). If we start in

state i, wL;t we want to estimate is the probability of moving to state j.
We need to have an estimate of those probabili;ies in order to account for
the different movements, for example infected ﬁigrants becoming uninfected,
moQing out or staying infected. With the Tanzania data, it may be possible

to determine the usefulness of such an approach in weighting the population

size.

A simpler approach to account fof the liklihood of new infections
in an uninfected area might be to add a random variable to the regression
equation. Random number computer programs exist and yield normally dis-
tributed random variables with mean 0 and variance 1. It may be possible
to add this random variable (R) to each variable in the regression equa-

tion:

| [ (B, +Rr) (B, + R,)
(Incidence) I = (Bo + Rb)LF 178 xP 2 {]

(Reversion) B = .2 + (R3 x standard deviation of B if estimated)

This may oversimplify the stochastic processes involved in transmission.
Nonetheless, because of its simplicity, we will test it for its reliability
in predicting the situation in Tanzania, where migration superimposes ran-

dom conditions for transmission.

Future Work

Further modeling work will include modifying the population estimates
to include migration information, examining which egg count distribution
is most appropriate for use in the model, and then establishing which

variables provide necessary and sufficient information for predictive
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"ﬁodeling so as to establish avpriority listing of variables to include
v-f'iﬁ‘predictive analyses. The next report will also include results
.from the cost-effectiveness analyses; The final report will pull
together the modelirg and economic analyses to present the work in a

‘form useful for water resource project evaluation.
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Figure 2. Map of Tanzania. From Berry,L.,ed. 197). Tanzania in Maps
(London, University of London Press). p.13.
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Table 1. Results from the different regressions are
presented in this table. The regressions were run for
distances of 1/2 and 1/8 mile (assumptions of habitat
accessibility) for different age groupings. The var-
iables in the regressions were: I, incidence; V, vol-
ume of accessible habitats (cu.ft.); P, number of
infected persons; E, arithmetic mean egg count; GE,
geometric mean egg count; PM, perimeter of accessible
habitats (ft.); i, age group; 80, Bl’ 8., the regres~
sion coeffic%ents and exponents specific for each
equation. R” is the percentage of variance in the
dependent variable (I) explained by the equation; F is
the F-statistic which indicates the significance of
the R2, the numbers in parentheses (2,5) are the degrees
of freedom; "t'" is the statistic which indicates sig-
nificance of the B's at 5 degrees of freedom (which
may be somewhat unreliable at small sample sizes).
Table 1 A. Results for 1/8 mile runs. Table 2 B.
Results for 1/2 mile runs.
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Figure .7 . Results of regression analyses for perimeter and volume
under 1/8 and 1/2 mile accessibility assumptions. On the graph.
predicted incidencze values are plotted against observed values
to show the scarter from the 45 line ( indication of
closeness of fit of prediction: the less scarter from the
line, the closer the fit).
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Figure 8 . Results of model runs for perimeter and volume under
1/8 and 1/2 nile accessibility assumptions. On the graph,
predicted prevalence values are plotted against observed
values to show the scatter from the 45 line ( indication
of closeness of fit of prediction: the less scatter, the
closer the fit).
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Figure 9 (23 pages). These plots demonstrate the
relationship between geometric mean egg count and
mean worm load for the different sectors on a sex
specific basis in Tanzania 00l1. There are two

set.s of plots. The first one shows results of cal-
culating mean worm load from prevalence values
under the assumption of a worm distribution ap-~
proaching a negative binomial (k=1 ), The second

set shows results under the assumption of a Poisson
distribution: k approaches infinity (k—»e). The
results are not fitted by a line but do show sim-
ilar tendencies over the sectors and sexes for each
distribution. Where k=1, the line of best fit would
go through the origin, indicating that at 0 worms
there are 0 eggs passed. Where k—» oo , the line of
best fit would pass through the x~axis, indicating
that there may be some worms in humans before eggs
are passed. That result is of interest since the
worm Joad in this <“nstance was estimated by pre-
valence, a measure determined by the presence or
absence of eggs. These results require further
study.
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Appendix 1

Processing of Tanzania 001 Data

In Appendix I we have listed the different stages in data proces-

sing undertaken for this study. In addition, we briefly refer to some

questions associated with the data that relate to our use of them.

1. Stage 1 looked at raw data,

a.

Printed data in readable form. In order to use computer tape
efficiently, the data were coded on the tape by the project in

a very compact form. Before using the data in computations or
listing it in tables, it was put into a less compact, more usable
form via several computer programs.

tried to interpret the meaning of each item of data.

Resolved inconsistencies or vagueness of meanings of data. Cod-
ing sheets were a problem because of their incompleteness.
Decided the relationship between separate files of data. Dif-
ferent files supposedly coded different data, but in one case,
the 2 to 9-year-olds, the epidemiological data were in two sepa-~
rate files. One file contained data for all individuals in the
project and the other file contained data for only 2 to 9-year-
olds. However, there were discrepancies between supposedly
identical data items for the same individual listed in the two
different files. Moreover, some data were present in one file

that werenot present in the other file. The 2 to 9-year~old
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:.ile 1isted yearly egg counts for each individual, the entire
‘;%population file 1listed such data at two-year intervals.  41.
“;Qiéegisioqwas later made to use the file containing the data. |
'gﬁ;;fbt’all individuals in the project; as a result, incidence forb
-';the 2 to 9-year-olds had to be computed over a two-year period;
- 'e. Made a 1list of unresolvable problems in interpreting raw data.
Requested clarification from individuals involved in the origi-
~ nal project.

f. Eventually, it became clear that there was no way to resolve
the basic problem of the relationship of habitat to household
without a trip to Geneva to view the project maps.

2, Stage 2 summarized raw data.

a. Prevalence, egg count, migration distributions were calculated
by sector, age, and sex for all individuals.

b..Incidence for 2 to 9-year-olds was calculated on the basis of
the yearly data. The reexamination of individuals was not
made at a fixed interval from the first one. Therefore, in
calculating the incidence, a correction had to be made to
standardize the interval.

c. Calculated gaometric mean egg counts, and the worm loads pre-
dicted by various statistical distributions such as the nega-
tive binomial (with various coefficients) and the Poisson.
These were plotted in varicus combinations to see whether
the obtained relationships were similar o what would be
predicted by theory. This was a preliminary step to using
data other than the number of infected people in the regres-

sion equations which predict the incidence.



3.
4.

5.
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Stage 3 examined and duplicated maps in Geneva

State 4 read maps (time consuming). For each house we had to
draw radii of various sizes. For each distance we read from

the map which habitats were within the specified distance from
each household. Looking at the computer output, we selected
those habitats which were possible transmission sites. This

was difficult to do because of the incomplete explanation on

the coding sheets. These data were then keypunched on cards for
input to the computer.

Stage 5 predicted incidence. Wrote data program to predict in-
cidence from habitat volume, prevalence and egg count data.

This program selects from the data on the tape the appropriate
habitat data for each Louse, selects the individuals whose houses
were plotted on the map (some data on the computer was for indi-
viduals living in houses not plotted on the maps), selects the

2 to 9-year-olds (since these are the only ones for which we can
calculate incidence) and then matches individuals to the appro-
priate habitat data. From this we calculated for each age group
in the 2 to 9-year category the total volume of habitat to which
the group was exposed, the number infected, the mean egg counts
and the geometric mean egg counté. This was used as input to

the regression program which predicts incidence.

Stage 6 predicted prevalence. A computer program simulating the recure
sive prevalence equations was written. The input' to this program
was the age-specific incidence values calculated in Stage 5, the

size of each age group and the age-specific volume or habitat.
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Vi(; For comparing prevalence predictions to observed data and also to
éummafize‘baseline data, we had to make i3ome assumptions about the group
i in ﬁh;ch to place individuals. There was some question in our minds from
the dacé as to when "age" was recorded, at year of registration or at
treatment. We assumed that age was recorded at treatment. Therefore,
.if someone had egg count data first reported for 1970, and was listed

as 3 years old, we assumed that the individual was 3 years old in

1970. We feel canfortable with this assumption because in a number

of instances we have 1968 egg count data but the individual was regis-

tered in 1969.
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Appendix II

Calculations and Assumptions for Including

Different Terms in the Model

Iﬂ Appendix II, we give the methods we used for calculating the
terms in the model. 1In addition, we describe the decision criteria
for inclusion of households and habitats. Data for individuals are
used in the calculation of reversion and.incidence rates only if egg
counts are given for both 1968 and 1970 and data in computer file:

Number of people uninfected in 1968 but

Incidence = infected in 1970
Number of people uninfected in 1968
Number of people infected in 1968 but
Reversion = uninfected in 1970
Number of people infected in 1968
N
Arithmetic mean of egg counts = % egg count of individual i
i=1

N
1 N
Geometric mean of egg counts ='ﬁ'i£l log (egg count of

individual i)
N

Population increases were calculated gssuming three~fourths of a percent

increase per year. Therefore, for a two-year period, population (year 2)

= 1.015 x population (year 0),

Migration (See discussion in text,)
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Snail habitats

Volume (V)

When computing the volume of habitat, the habitat
was treated as a sector of a sphere if length equaled
width and as a sector of anellipsoid otherwise. Letting
L = length, W = width and D = depth, then:

IfL=W, let R = D2 +L /4 ThenV = HRZD - HR3 + H(B—D)3

3 3

-

I LWD
4

IfL=W,V=
To compute the volume of accessible habitat for each household,
the volume of all the habitats at the given distance from the
household were summed. To compute the age-specific habitat
volume, each person in a particular age group was assigned the

volume of his household, and the assigned volumes for all mem-

bers of the age group were summed.

Perimeter (P)
When computing perimeter, the habitat was treated as a
circle if length equaled width and as an ellipse otherwise:

IfL=W,P=1L

IfL=W,P=1Y LZ + W2
2

The computation of the perimeter of accessible habitat for
each household and each age group was similar to the corres-

ponding volume measures.
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]ffbécision Criteria with Reference to Households and Habitats

Households

All households which could be located by number on the
Sector IV map and for which data were available in the com-
puter file were used. Out of the computer data file of 124

households, we used 117.

Habitats
The decision criteria for habitats were more compli-
cated. Not only did we need to use habitats located on the
map by number and also in the computer data file, but we
also had to decide which habitats were really transmission
sites. The distance criterion described in the text was
”éh assumption on our part abodt habitat accessibility,
Next, we determined: 1) whether there were schistosomiasis
carrying snails (in at least one of two surveys when the
site was resuryeyed); 2) whether the habitat was in fact
dry (as indicated by the project under the item 'is the
water used"); and 3) the transmission potential of the
habitat as determired by the project. Since there were
many habitats that were originally surveyed by the project
during 1967 and resurveyed in a different season in 1968,
we could check a) to see 1f the habitat were snail~free

consistently or if B.(P.) nasutus or other hosts ever

appeared and b) to see if the habitat remained dry all
year. The project had identified drinking ponds as un~

likely transmission sites because users usually kept them
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quite clean and clear of vegetation. Nonetheless, many drinking

ponds were both used frequently and had B.(P.) nasutus so they

were included. The decision criteria for determining which

snall habitats to include may be summarized as follows:

1.

2.

Habitat must be numbered on map and have data in computer
file.

Snails which transmit S. haematobium must be present or
if two years of previous data, present at least in one
year.

Transmission potential must be considered "probable" or
"possible" by project. If considered "unlikely" or
"equivocal" by project but appropriate snail species
were present, the habitat was included.

" Yvery rarely,"

Frequency of use must be "frequently,
or "occasionally" with appropriate snail species in

at least one survey.

The main criteria were presence or absence of data, presence

or absence of S. haematobium bearing snails, transmission

potential, frequency of use, and resurvey data.
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Appendix III

Suggested Statistical System for Schistosomiasis Control Projects

(Preliminary Version)

The experiences of working with data from a number of schistoso-
miasis control projects has led us to consider additional data report~
ing methods to those already in use. The following appendix is in-
cluded to offer some suggestions about the statistical aspects of
control activities, The appendix is still in preliminary form and

will be expanded in the final report.

Many reports have considered a variety of methods of organizing
the collection of data and reporting results uf schistosomiasis control
projects (1). These reports have given careful thought to data record-
ing forms, statistical methods for amalyzing data, and techniques for
collecting urine and fecal samples, counting éggs, estimating snail
habitats, and organizing control activities (2).

Far less attention has been given to users of the information col-
lected by a control project, that is, those persons not associated with
the project who might be interested in using the collected data for
cross-country or cross-project comparisons, testing models, developing
evaluative methodologies, or simply deciding what the next control
phase should be in the same area. It is essential to recognize that
the data collection process is time consuming and takes much dedication

on the part of the control project staff. They should certainly have
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ﬂthe opportunity to work with the data before external investigators.
| Nonetheless, these are not excuses for the wide variety of reporting
mechanisms used over time by schistosomiasis control projects. Raw
data and reports from many of the earlier projects are now lost to
researchers, an unfortunate and possibly costly situation for the
future of schistosomiasis control since the information from those
projects might have assisted in the design of new projects.

A statistical system that might be quite useful for future schis-
tosomiasis control projects has been developed and described by A.
Mohapatra in a report to the World Bank on Family Planning Programs (3).
In this he states: "An adequate service statistics system includes inter-
linked:subsystems of records, reports, data analysis, interpretation and feed~
back as its principal components" (4). The objectives of the program
and resources avajlable will define the data needed and the sophistica-
tion of such a system. Nonetheless, attention should be given to re-
source information (manpower, facilitiés,-equipment, and financing),
project activity statistics (staff activity reports, population infor-
mation, follow-up reports), other health and vital statistics, and
special surveys or studies.

The report should be organized so that input, activity, ahd output
information is easily obtainable. The most efficient way to do this is
" to code the data collected and have them punched onto computer cards so
that they are accessible and preserved permanently,

The frequency of reporting should be related to needs of the pro-
Ject staff for evaluating results, needs of the program supporter for

review purposes, and capacity of data processing system.
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The reports should contain uniform data reporting sheets so that

report results may be easily compared. However, it is frequently

necessary to modify data collected as the project continues. Thus,
some flexibility is needed in the design of reporting forms, but the

forms should maintain comparability over time.

Data Content and Presentation

Information usually collected by schistosomiasis control projects
includes: number of persons examined, .number infected, egg counts
(occasionally), Incidence values for cﬁildren, snail species, types of
snail habitats, snail population characteristics (seasonal variation,
susceptibility to different molluscicides, etc.), number of persons
treated, post-treatment egg counts, drug dosages, molluscicide formu-
lation, and mollusciciding success (success defined as no observed
snails in treated habitats). A scattering of other data may include:
maps of habitats and households, seasonal climatic patterns, topo-
graphy, reversion rates, population movements, water contact patterns
(ranging widely in scope), cercarial studies, animal reservoir infec-
tion, clinical studies (range of severity of infection), overall census
information for the initial year of the project, and control cost data.
Very rarely is information given on living conditionms, employment con-
ditions, general economic status of region, vital statistics such as
birth and death rates, and prevalence oﬁ'qther diseases. The most
discouraging aspect is that usually one set of data is collected with-
out a complementary set, for example incidence rates without water con-
tact patterns. Most project staffs, despite their best intentions, col~

lect data on only a subset of the items. Manpower and financlal resources
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?2,$?e éftén serious:constraints to the collection of a cbmpleﬁe

‘7A§ét of data. It should be mentionéd that another reason is the lack

of consideration as to who else might use the data in the future. Thus,
many data are useless because the counterpart information is lacking.

In Tables III-1 and III-2 are listed information that modelers
might want. These two tables together represent extreme needs. Indeed,
the information in Table III-1 would be very difficult to collect in the
fieid. If one relies on laboratory results for filling in this informa-
tion, one then has to make assumptions about the transferability of
laboratory results to field situations. The information in Table III-2
represents the other extreme: field data which may be too costly td
collect. Some set of data in hetween these extremes is more appropriate
for use in predictis:z models. Because of resource constraints, priorities
need to be established about what information is critical for assisting
in decision-making. We present in Table III-3 a preliminary listing of
priority data required for predictive modeling and evaluation purposes.
We will refine this table for the final report.

The units used are critical. Indeed, for this reason, it is sug-
gested that data be reported on an individual basis (at least semi-yearly).
Even if groupings are :o be made, such as in calculating incidence or
reversion rates, cach age should be reported separately so that the data
user may make his own judgment about groupings.

Related'hata should be presented in comparable units, If habitats
are measured in feet, the moliuscicide formulation should be calculated

on a per foot or cubic foot basis, If maps contain individual households
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Table III-1. Rate Information Needed for Transmission Models, from
Hairston*

I. Survival of Eggs that Reach the Excreta of the Definitive Host
A. Hatchability
B. Survival of hatchable eggs
1. Probability of being deposited in water containing
snail hosts
2. Survival of miracidia while free in the water
3. Probability of locating and penetrating a host snail
4, Probability of establishing an infection after pene-
tration
II. Survival of, and Reproduction by, Larval Stages in the Snail Host
A, Survival of mother sporocysts
B. Reproduction by mother sporocysts
C. Survival of daughter sporocysts
D. Reproduction by daughter sporocysts

E. Survival of snail host after the start of production of
cercariae

F. Probability of cercariae escaping from the gnail host
III. Survival of Cercariae
A. Survival of cercariae while free in the water
B. Probability of coming into contact with a definitive host
C. Probability of successful penetration of the skin
IV. Suryival of Young Schistosomes in the Definitive Host

A, Survival during migration through skin, lymph glands and
lungs

B. Probability of finding the appropriate blood vessels

C. Survival in appropriate blood vessels unt'!l maturity
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- 7iéﬁié}ii141."Rate Information Needed for Transmission Models, from
SRR Hairston* = (continued)

yjbxiV;V‘SurviVal of, and Reproduction by, Adult Worms
’> ‘A. Probability of locating a mate
B, Reproduction by the female schistosome
C. Survival of adult worms
D. Survival of the definitive host during ihfection

VI. Probability that Eggs will Reach the Excreta of the Definitive Host

vy -y

*Hairston, N., 1973. "The Dynamics of Transmission" inN. Ansari, ed.
Epidemiology and Control of Schistosomiasis (Baltimore, University
Park Press), pp. 279.
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from Rosenfieldx #*

Data Nece:rary for Representative Transmission Models,

Data Requirements

Population

Environment

Humans

Snails

.ASch;stosomes

Age/sex distribution
Birth rate/age/sex
Death rate/age/sex
Prevalence/age/sex
Incidence/age/sex
Migration rate/age/sex

Age distribution

Birth rate/age/sex

Death rate/age/sex

Species

Density of infected
snails

Probabii’ties of pairing,
egg hatching, miria-
cidia and cercariae
penetration

Mean worm load in humans/
related to number of
eggs passed

Reproductive rate in hu-
mans

Reproductive rate in
snails

Existence of compensa-
tory mortality#*

Species in humans and
reservoir hosts

Proximity of homes to water

Sanitary conditions
Frequency of contact with
infected water/age/sex
Nutritional and health

level/age/sex
Health facilities

Dimensions of available
habitats

Food supply

Velocity of water

Light conditions

Pollution of water
(degree and kinds)

Chemical conditions
of water

Seasonal variations of
popuiation

Effects of chemotherapy/
immunity in humans

Effects of molluscicid~
ing/immunity in snails

Existence of break-point
below which the prob-
ability of parasites
mating is so low that
the disease cycle is
broken

*Reaction of parasite population to environmental changes, if control mea-
sures eliminate large numbers of parasites through eradication of snails
compensatory mechanisms may result in higher reproduction rates of the

parasite in man.

**Rosenfield. P. T.

1078

Chrlhidabemmar 2 m_.

Thus, the disease may be as prevalent as before controls.
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‘iabie IIIéS. Preliminary Priority Listing of Data Needed for Predictive
' Modeling and Project Evaluation: A Modeler's Viewpoint

Epidemiological

Total numbers in each age group

Number examined/age/sex on an individual basis

Number infected/age/sex on an individual basis

Number eggs passed/unit urine or feces/age/sex on an individual
basis

Map of household location in relation to types of snail habitats

Snail species

Population migration data

Transmission sites (which habitats play a role in transmission)

Human contact with transmission sites/age/sex with specific
transmission sites identified for each individual .

Incidence and reversion rates/age/sex

Characteristics of snail habitats (e.g., dimensiono, vegetation,
seasonal variation)

Environmental

Rainfall patterns
Topographic maps

Controls

Date of chemotherapy, reduction in egg counts/age/sex on an indiyidual
basis ,

Date of mollusciciding of individual habitat basis

Success/failure of treatment for individual habitats

Economic

Employment activities/age/sex

Domestic activities/age/sex '

Wage rates for control activities (professional and other labor)
Equipment and material costs for controls :

-
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IOr habitats, these,sités should be easily identified,‘fdrlexaipie,,ﬁy;
number so they can be related to information in tables or data file.

#laps should be labeled; that is, each map should have a complete key
with scale on it. Thc scale on project maps should be comparable to

that on topographic maps. Each project map should be made to the same
scale when possible or else scaled down or up proportionately‘(ﬁot freg-
hand) so that maps of different scales may be compared. It is imperati?e
that the same information be collected on a pre~ and post—treatmént’basis

so that control measure effectiveness may be assessed.



III-11

" Appendix III

References

' WHO Expert Committee on Bilharziasis, 1965. Third Report, WHO
Technical Report Series No. 299, WHO, Geneva; N. Ansari, ed.

1973, Epidemiology and Control of Schistosomiasis (Baltimore,
University Park Press), 752 pp.

Oliveir, L. J. and K. Uemura, 1973, Technologiles, itatistical

Methods and Recording Forms in N, Ansari, ed. Epidemiology and
Control of Schistosomiasis (Baltimore, Univers:ty Park Press),
pp. 620-748.

Mohapatra, P. S., 1977. Measuring the Performance of Family
Planning Programs. World Bank Staff Working Paper No. 257,
World Bank, Wa:hington, 59 pp.

Ibid, p. 40.



IV -1

Appendix IV
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Appendix v
This appendix cor:tains a sﬁmmary of the main consultations we
‘ iﬂ:havé had for this project.‘
| 1. ﬁéétiﬁg Qifh Dr. Feiéu; Mccﬁlloﬁgh, Forﬁer'Director,
Tanzania OOi, now with World Health Organization, Geneva.
Dr. Rosenfield and Gestrin met with Dr. McCullough from
May 2 through May 4, 1978 in Geneva. The purpose of the
trip was twofold:
a) Dr. McCullough had the Tanzania 001 maps which con-
tained information necessary for the modeling attempts.
‘Since there were no copies of the maps, he was reluctant
to ship them to the U. S. but would let us copy them in
Geneva. We had complete access to the maps there and
were able to copy all the maps. In addition, there were
many questions regarding interpretations of the maps
_f, ‘which only Dr, McCullough could clarify.
B)’Our second purpose was to obtain answers to data coding
questions and others that had arisen as we worked with
~ the data. Dr. McCullough and Mr, Hubert Dixon (who had
put the data on tape in Geneva in 1976) met with us for
seyeral hours each day to go through these questions and
othex assumptions we had made. Some questions, especially
‘regarding coding, could not be answered, We have thus
contacted Dr. Svend Christiansen on the adyise of Dr,

'McCullough. In addition, we talked about cost data with °
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_Dr; MéQullpugh,and he stress§é_the faéfrthat the project
was aipractical, field-oriented ocne; thus, he'thought a
striét'cost-effectiveness anaiyéis might not'ﬁe applicable.
We are pursuing that concern in the next stage of the pro~
ject. /

The consultation was very important both to obtain data and
answers to questions and, perhaps as importantly, to assure
Dr. McCullough of our desire to keep him informed of our
progress at every stage of the project. (We also briefly

met with Dr, Rikk Davis and Dr. T. Lepes to inform them of
our work on the project.)

The secohd consultation was with Dr, David Bradley, Director,
Ross Institute of Tropical Hygiene, London, in person on

May 4, by several telephone conversations, and by correspon-
dence. Dr. Bradley, one of the most prominent authorities in
schistosomiasis epidemiologys>has been of great assistance in
advising us on several phases of modeling in general and
specifically with regard to Tanzania 00l. In London, we dis-
cussed the egg count distribution questions in depth, espec~
ially the rationale for using the negative binomial distribu-
tion. We also discussed the interpretation of egg count data
in relationship to acquired immunity. We also discussed the
map data from Tanzania 001 and the possibiiity of determining
habitat accessibility and water contact patterns for different
age groups. Dr. Bradley very kindly offered to try to obtain

aerial photographs of the project area from Mwanza, and also

expressed a willingness to review our reports and results,
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'3;;}Welhave also conbuited informaliy: Dr. Robert May, Princeton
j"ﬁniversity, about egg count distribution; Drs. Leonard

Berry and Richard Ford, Clark Univeréity, about Tanzania-
living habits, and water supplies in Misungwi (Dr. Ford pur-
chased some topographic maps of the area for us when he was
in Tanzania), and general status of health in Tanzania;
Dr, Fred Golladay, World Bank, about general status of health
and water supplies in Tanzaniag Dr. Richard Smith, United States
Geological Survey, about modeling techniques for handling of
egg count and migration data; Dr. Kerry Smith, Resources for the
Future, for statistical comparison of Poisson distribution and
‘negative bionomial, and for migration data modeling suggestions;
énd Dr. Clifford Russell, Resources for the Future, for migration

modeling, especially use of Markov chain process.
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